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1
OLIGOMER-CALCIUM CHANNEL
BLOCKER CONJUGATES

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 12/674,139, filed 05 Jan. 2011, now U.S. Pat.
No. 8,748,648, which is a 35 U.S.C. §371 application of
International Application No. PCT/US2008/010385, filed 03
Sep. 2008, designating the U.S., which claims the benefit of
priority under 35 U. S. C. §119(e) to Provisional Application
Ser. Nos. 60/967,764, filed 06 Sep. 2007, and 61/069,071,
filed 12 Mar. 2008, all of which are incorporated herein by
reference in their entireties.

FIELD OF THE INVENTION

This invention provides (among other things) chemically
modified calcium channel blockers that possess certain
advantages over calcium channel blockers lacking the chemi-
cal modification. The chemically modified calcium channel
blockers described herein relate to and/or have application(s)
in (among others) the fields of drug discovery, pharmaco-
therapy, physiology, organic chemistry and polymer chemis-

try.
BACKGROUND OF THE INVENTION

Drugs currently known as calcium channel blockers (CCB)
(also called calcium antagonists), among other actions,
inhibit calcium-evoked contractions in depolarized smooth
muscles. Blocking the entry of calcium reduces the active
tone of vascular smooth muscle and produces vasodilatation.
This pharmacological property has, at a minimum, been one
of the bases for the use of CCBs in the management of
hypertension and coronary heart disease. CCBs may have
other effects that help prevent the primary complications of
hypertension, such as atherosclerosis, stroke, peripheral arte-
rial disease, heart failure and end-state renal disease. CCBs
are prescribed for the treatment and/or prophylaxis of vasos-
pastic angina, including spontaneous coronary artery spasm
presenting as Prinzmetal’s angina, chronic stable angina,
unstable angina, arrhythmias, such as arrhythmias associated
with digitalis therapy, and arrhythmias associated with stress
in chronic arterial flutter or arterial fibrillation, supraventricu-
lar tachyrrhythmias, paroxysmal supraventricular tachycar-
dia, and subarachnoid hemorrhage. In addition, CCBs are
prescribed for treatment and/or prevention of reinfarction of
non-Q-wave myocardial infarction, tardive dyskinesia,
Raynaud’s syndrome, coronary heart disease, migraine, pul-
monary hypertension, asthma, preterm labor, severe preg-
nancy-associated hypertension, esophageal disorders, biliary
and renal colic, cardiomyopathy, coronary artery disease, and
depression. As a class, CCBs represent an important and
useful tool in pharmacotherapy.

Many CCBs can be divided into three categories based on
their chemical structure; these three categories are dipheny-
lalkylamines, benzothiazepines, and dihydropyridines.

With respect to the diphenylalkylamines, verapamil (de-
scribed in U.S. Pat. No. 3,261,859) is one member of this
category of CCBs, along with 2-(3,4-dimethoxyphenyl)-5-
[2-(3,4-dimethoxyphenyl)ethyl-methyl-amino]-2-(1-meth-
ylethyl)pentanenitrile, the structure of which is shown imme-
diately below.
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2-(3,4-dimethoxyphenyl)-5-[2-(3,4-dimethoxyphenyl)
ethyl-methyl-amino]-2-(1-methylethyl)pentanenitrile

With respect to benzothiazepines, diltiazem (described in
U.S. Pat. No. 3,562,257) is one member of this category of
CCBs. The chemical name of diltiazem is [2-(2-dimethylami-
noethyl)-5-(4-methoxyphenyl)-3-oxo-6-thia-2-azabicyclo
[5.4.0lundeca-7,9,11-trien-4-yl|ethanoate. The structure of
diltiazem is shown immediately below.
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Diltiazem

With respect to the dihydropyridines, amlodipine (de-
scribed in U.S. Pat. No. 4,572,909), felodipine (described in
U.S. Pat. No. 4,264,611), isradipine (described in U.S. Pat.
No. 4,466,972), nicardipine (described in U.S. Pat. No. 3,985,
758), nifedipine (described in U.S. Pat. No. 3,485,847),
nimodipine (described in U.S. Pat. No. 4,406,906), and nisol-
dipine (described in U.S. Pat. No. 4,154,839) are each mem-
bers of this category of CCBs. The structure of each of the
aforementioned dihydropyridines is shown immediately
below.

Amlodipine
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Although not easily placed within any of the three previ-

ously mentioned categories of CCB’s, bepridil (described in

20 U.S. Pat. No.3,962,238 and RE 30,577) is another CCB. The
structure of bepridil is shown immediately below

Bepridil
35

Although CCBs serve an important role in treating

4o Datients, their use is sometimes associated with (among other

things) extensive metabolism, often resulting in inactive

metabolites and thus lower bioavailability. CCBs also exhibit

several side effects of the cardiovascular and central nervous

systems, as well as dermatologic, gastrointestinal, and hema-

45 tological adverse effects. Research is ongoing to improve the

bioavailability of CCBs and to reduce side effects associated

with CCB therapy. Thus, there is a need to provide CCBs with
improved pharmacological properties.

The present invention seeks to address these and other
needs in the art by providing (among other things) a conjugate
of a water-soluble and non-peptidic oligomer and calcium
channel blocker.

50

55 SUMMARY OF THE INVENTION

o

I In one or more embodiments of the invention, a compound
N is provided, the compound comprising a residue of a calcium
channel blocker covalently attached via a stable or degradable
linkage to a water-soluble and non-peptidic oligomer.

60

In one or more embodiments of the invention, a compound
is provided, the compound comprising a residue of a calcium
channel blocker covalently attached via a stable or degradable

65 linkage to a water-soluble and non-peptidic oligomer,
Nimodipine wherein the calcium channel blocker has a structure encom-
passed by the following formula:
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Formula I

R3*00C

wherein (with respect to this Formula I):

R is hydrogen or lower alkyl;

R! and R? are each independently selected from the group
consisting of hydrogen, substituted lower alkyl, unsubstituted
lower alkyl, and —YOYNR®R’, where each Y is indepen-
dently lower alkylene and R® and R” are each independently
selected from group consisting of hydrogen, unsubstituted
lower alkyl, substituted lower alkyl, cycloalkyl, aryl and alky-
laryl;

R? and R* are each independently selected from the group
consisting of hydrogen, unsubstituted lower alkyl, substituted
lower alkyl, and —YNR®R’, where Y is lower alkylene and
R® and R” are each independently selected from group con-
sisting of hydrogen, unsubstituted lower alkyl, substituted
lower alkyl, cycloalkyl, aryl and alkylaryl; and

each R’ is independently selected from group consisting of
hydrogen, unsubstituted lower alkyl, substituted lower alkyl,
chloro, fluoro and nitro,
and optical isomers, diasterecomers, and enantiomers thereof.
Optionally, the compound can be combined with a pharma-
ceutically acceptable excipient to form a composition.

In one embodiment, R is hydrogen. In another embodi-
ment, R is methylethyl. In another embodiment, R is methyl-
propyl.

In one embodiment R! is methyl. In another embodiment
R! is CH,OCH,CH,NH,,.

In one embodiment R? is methyl. In another embodiment
R? is CH,OCH,CH,NH,,.

In one embodiment R is hydrogen. In another embodi-
ment R? is methyl. In another embodiment R> is ethyl. In
another embodiment R? is methylethyl. In another embodi-
ment R? is methoxyethyl. In another embodiment R? is
2-(benzyl-methyl-amino)ethyl.

In one embodiment R* is hydrogen. In another embodi-
ment R* is methyl. In another embodiment R* is ethyl. In
another embodiment R* is methylethyl. In another embodi-
ment R* is methoxyethyl. In another embodiment R* is
2-(benzyl-methyl-amino)ethyl.

In one embodiment R® is hydrogen. In another embodi-
ment R is chloro. In another embodiment one R is 2-chloro
and another R® is 3-chloro. In another embodiment R? is nitro.

In one or more embodiments of the invention, a dosage
form is provided, the dosage form comprising a compound
comprising a residue of a calcium channel blocker covalently
attached via a stable or degradable linkage to a water-soluble
and non-peptidic oligomer.

In one or more embodiments of the invention, a method is
provided, the method comprising covalently attaching a
water-soluble and non-peptidic oligomer to a calcium chan-
nel blocker.

In one or more embodiments of the invention, a method is
provided, the method comprising administering a compound
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6

comprising a residue of a calcium channel blocker covalently
attached via a stable or degradable linkage to a water-soluble
and non-peptidic oligomer.

These and other objects, aspects, embodiments and fea-
tures of the invention may become more fully apparent when
read in conjunction with the following detailed description.

BRIEF DESCRIPTION OF THE FIGURES
This paragraph intentionally left blank.
DETAILED DESCRIPTION OF THE INVENTION

It must be noted that, as used in this specification, the
singular forms “a,” “an,” and “the” include plural referents
unless the context clearly dictates otherwise.

In describing and claiming the present invention, the fol-
lowing terminology will be used in accordance with the defi-
nitions described below.

“Water soluble and non-peptidic oligomer” indicates an
oligomer that is at least 35% (by weight) soluble, and prefer-
ably greater than 95% soluble, in water at room temperature.
An unfiltered aqueous preparation of a “water-soluble” oli-
gomer transmits at least 75%, more preferably at least 95%, of
the amount of light transmitted by the same solution after
filtering. On a weight basis, a “water soluble” oligomer is
preferably at least 35% (by weight) soluble in water, more
preferably at least 50% (by weight) soluble in water, still
more preferably at least 70% (by weight) soluble in water, and
still more preferably at least 85% (by weight) soluble in
water. It is preferred, however, that the water-soluble oligo-
mer is at least 95% (by weight) soluble in water or completely
soluble in water.

The terms “monomer,” “monomeric subunit” and “mono-
meric unit” are used interchangeably herein and refer to one
of the basic structural units of a polymer or oligomer. In the
case of a homo-oligomer, this is defined as a structural repeat-
ing unit of the oligomer. In the case of a co-oligomer, a
monomeric unit is more usefully defined as the residue of a
monomer which was oligomerized to form the oligomer,
since the structural repeating unit may include more than one
type of monomeric unit. Preferred oligomers of the invention
are homo-oligomers.

An “oligomer” is a molecule possessing from about 1 to
about 30 monomers. Specific oligomers for use in the inven-
tion include those having a variety of geometries such as
linear, branched, or forked, to be described in greater detail
below.

“PEG” or “polyethylene glycol,” as used herein, is meant to
encompass any water-soluble poly(ethylene oxide). Unless
otherwise indicated, a “PEG oligomer” or an oligoethylene
glycol is one in which substantially all (preferably all) mono-
meric subunits are ethylene oxide subunits, though the oligo-
mer may contain distinct end capping moieties or functional
groups, e.g., for conjugation. PEG oligomers for use in the
present invention may comprise of following structures:
“—(CH,CH,0),—” or “—CH,CH,0), ,CH,CH,—,
depending upon whether or not the terminal oxygen(s) has
been displaced, e.g., during a synthetic transformation. As
stated above, for the PEG oligomers, the variable (n) ranges
from 1 to 30, and the terminal groups and architecture of the
overall PEG can vary. When PEG further comprises a func-
tional group, A, for linking to, e.g., a small molecule drug, the
functional group when covalently attached to a PEG oligo-
mer, does not result in formation of (i) an oxygen-oxygen
bond (—O—0O—, a peroxide linkage), or (ii) a nitrogen-
oxygen bond (N—O, O—N).

29
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The terms “end-capped” or “terminally capped” are inter-
changeably used herein to refer to a terminal or endpoint of a
polymer having an end-capping moiety. Typically, although
not necessarily, the end-capping moiety comprises a hydroxy
or C, ,, alkoxy group. Thus, examples of end-capping moi-
eties include alkoxy (e.g., methoxy, ethoxy and benzyloxy),
as well as aryl, heteroaryl, cyclo, heterocyclo, and the like. In
addition, saturated, unsaturated, substituted and unsubsti-
tuted forms of each of the foregoing are envisioned. More-
over, the end-capping group can also be a silane. The end-
capping group can also advantageously comprise a detectable
label. When the polymer has an end-capping group compris-
ing a detectable label, the amount or location of the polymer
and/or the moiety (e.g., active agent) of interest to which the
polymer is coupled, can be determined by using a suitable
detector. Such labels include, without limitation, fluorescers,
chemiluminescers, moieties used in enzyme labeling, colori-
metric moieties (e.g., dyes), metal ions, radioactive moieties,
and the like. Suitable detectors include photometers, films,
spectrometers, and the like.

“Branched”, in reference to the geometry or overall struc-
ture of an oligomer, refers to an oligomer having two or more
polymer “arms” extending from a branch point.

“Forked” in reference to the geometry or overall structure
of an oligomer, refers to an oligomer having two or more
functional groups (through one or more atoms) extending
from a branch point.

A “branch point” refers to a bifurcation point comprising
one or more atoms at which an oligomer branches or forks
from a linear structure into one or more additional arms.

The term “reactive” or “activated” refers to a functional
group that reacts readily or at a practical rate under conven-
tional conditions of organic synthesis. This is in contrast to
those groups that either do not react or require strong catalysts
or impractical reaction conditions in order to react (i.e., a
“nonreactive” or “inert” group).

“Not readily reactive,” with reference to a functional group
present on a molecule in a reaction mixture, indicates that the
group remains largely intact under conditions effective to
produce a desired reaction in the reaction mixture.

A “protecting group” is a moiety that prevents or blocks
reaction of a particular chemically reactive functional group
in a molecule under certain reaction conditions. The protect-
ing group may vary depending upon the type of chemically
reactive group being protected as well as the reaction condi-
tions to be employed and the presence of additional reactive
or protecting groups in the molecule. Functional groups
which may be protected include, by way of example, car-
boxylic acid groups, amino groups, hydroxyl groups, thiol
groups, carbonyl groups and the like. Representative protect-
ing groups for carboxylic acids include esters (such as a
p-methoxybenzyl ester), amides and hydrazides; for amino
groups, carbamates (such as tert-butoxycarbonyl) and
amides; for hydroxyl groups, ethers and esters; for thiol
groups, thioethers and thioesters; for carbonyl groups, acetals
and ketals; and the like. Such protecting groups are well-
known to those skilled in the art and are described, for
example, in T. W. Greene and G. M. Wuts, Protecting Groups
in Organic Synthesis, Third Edition, Wiley, New York, 1999,
and references cited therein.

A functional group in “protected form™ refers to a func-
tional group bearing a protecting group. As used herein, the
term “functional group” or any synonym thereof is meant to
encompass protected forms thereof.

A “physiologically cleavable” or “hydrolyzable” or
“degradable” bond is a relatively labile bond that reacts with
water (i.e., is hydrolyzed) under physiological conditions.
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8

The tendency of a bond to hydrolyze in water may depend not
only on the general type of linkage connecting two central
atoms but also on the substituents attached to these central
atoms. Appropriate hydrolytically unstable or weak linkages
include but are not limited to carboxylate ester, phosphate
ester, anhydrides, acetals, ketals, acyloxyalkyl ether, imines,
orthoesters, peptides, oligonucleotides, thioesters, thiolest-
ers, and carbonates.

An “enzymatically degradable linkage” means a linkage
that is subject to degradation by one or more enzymes.

A “stable” linkage or bond refers to a chemical bond that is
substantially stable in water, that is to say, does not undergo
hydrolysis under physiological conditions to any appreciable
extent over an extended period of time. Examples of hydro-
Iytically stable linkages include but are not limited to the
following: carbon-carbon bonds (e.g., in aliphatic chains),
ethers, amides, urethanes, amines, and the like. Generally, a
stable linkage is one that exhibits a rate of hydrolysis of less
than about 1-2% per day under physiological conditions.
Hydrolysis rates of representative chemical bonds are found
in standard chemistry textbooks.

“Substantially” or “essentially” means nearly totally or
completely, for instance, 95% or greater, more preferably
97% or greater, still more preferably 98% or greater, even
more preferably 99% or greater, yet still more preferably
99.9% or greater, yet still more preferably with 99.99% or
greater of some given quantity.

“Monodisperse” refers to an oligomer composition
wherein substantially all of the oligomers in the composition
have a well-defined, single (i.e., the same) molecular weight
and defined number of monomers, as determined by chroma-
tography or mass spectrometry. Monodisperse oligomer
compositions are in one sense pure, that is, substantially
having a single and definable number (as a whole number) of
monomers rather than a large distribution. A monodisperse
oligomer composition possesses a MW/Mn value of 1.0005
or less, and more preferably, a MW/Mn value of 1.0000. By
extension, a composition comprised of monodisperse conju-
gates means that substantially all oligomers of all conjugates
in the composition have a single and definable number (as a
whole number) of monomers rather than a large distribution
and would possess a MW/Mn value of 1.0005, and more
preferably, a MW/Mn value of 1.0000 if the oligomer were
not attached to the moiety derived from a small molecule
drug. A composition comprised of monodisperse conjugates
may, however, include one or more nonconjugate substances
such as solvents, reagents, excipients, and so forth.

“Bimodal,” in reference to an oligomer composition, refers
to an oligomer composition wherein substantially all oligo-
mers in the composition have one of two definable and dif-
ferent numbers (as whole numbers) of monomers rather than
a large distribution, and whose distribution of molecular
weights, when plotted as a number fraction versus molecular
weight, appears as two separate identifiable peaks. Prefer-
ably, for a bimodal oligomer composition as described herein,
each peak is symmetric about its mean, although the size of
the two peaks may differ. Ideally, the polydispersity index of
each peak in the bimodal distribution, Mw/Mn, is 1.01 or less,
more preferably 1.001 or less, and even more preferably
1.0005 or less, and even more preferably a MW/Mn value of
1.0000. By extension, a composition comprised of bimodal
conjugates means that substantially all oligomers of all con-
jugates in the composition have one of two definable and
different numbers (as whole numbers) of monomers rather
than a large distribution and would possess a MW/Mn value
ot 1.01 or less, more preferably 1.001 or less and even more
preferably 1.0005 or less, and even more preferably a
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MW/Mn value of 1.0000 if the oligomer were not attached to
the moiety derived from a small molecule drug. A composi-
tion comprised of bimodal conjugates may, however, include
one or more nonconjugate substances such as solvents,
reagents, excipients, and so forth

A “calcium channel blocker” refers to an organic, inor-
ganic, or organometallic compound having a molecular
weight of less than about 1000 Daltons and having some
degree of activity as an antagonist of calcium channels. A
calcium channel blocker is also referred to as a calcium chan-
nel blocking agent. Calcium channel blockers of the invention
encompass oligopeptides and other biomolecules having a
molecular weight of less than about 1000.

A “Dbiological membrane” is any membrane made of cells
or tissues, that serves as a barrier to at least some foreign
entities or otherwise undesirable materials. As used herein a
“biological membrane” includes those membranes that are
associated with physiological protective barriers including,
for example: the blood-brain barrier; the blood-cerebrospinal
fluid barrier; the blood-placental barrier; the blood-milk bar-
rier; the blood-testes barrier; and mucosal barriers including
the vaginal mucosa, urethral mucosa, anal mucosa, buccal
mucosa, sublingual mucosa, and rectal mucosa. Unless the
context clearly dictates otherwise, the term “biological mem-
brane” does not include those membranes associated with the
middle gastro-intestinal tract (e.g., stomach and small intes-
tines).

A “biological membrane crossing rate,” provides a mea-
sure ofa compound’s ability to cross a biological barrier, such
as the blood-brain barrier (“BBB”). A variety of methods may
be used to assess transport of a molecule across any given
biological membrane. Methods to assess the biological mem-
brane crossing rate associated with any given biological bar-
rier (e.g., the blood-cerebrospinal fluid barrier, the blood-
placental barrier, the blood-milk barrier, the intestinal barrier,
and so forth), are known, described herein and/or in the rel-
evant literature, and/or may be determined by one of ordinary
skill in the art.

A “reduced rate of metabolism” refers to a measurable
reduction in the rate of metabolism of a water-soluble oligo-
mer-small molecule drug conjugate as compared to rate of
metabolism of the small molecule drug not attached to the
water-soluble oligomer (i.e., the small molecule drug itself)
or a reference standard material. In the special case of
“reduced first pass rate of metabolism,” the same “reduced
rate of metabolism” is required except that the small molecule
drug (or reference standard material) and the corresponding
conjugate are administered orally. Orally administered drugs
are absorbed from the gastro-intestinal tract into the portal
circulation and may pass through the liver prior to reaching
the systemic circulation. Because the liver is the primary site
of drug metabolism or biotransformation, a substantial
amount of drug may be metabolized before it reaches the
systemic circulation. The degree of first pass metabolism, and
thus, any reduction thereof, may be measured by a number of
different approaches. For instance, animal blood samples
may be collected at timed intervals and the plasma or serum
analyzed by chromatography/mass spectrometry for metabo-
lite levels. Other techniques for measuring a “reduced rate of
metabolism™ associated with the first pass metabolism and
other metabolic processes are known, described herein and/or
in the relevant literature, and/or may be determined by one of
ordinary skill in the art. Preferably, a conjugate of the inven-
tion can provide a reduced rate of metabolism reduction sat-
isfying at least one of the following values: at least about 5%,
at least about 10%, at least about 15%; least about 20%; at
least about 25%; at least about 30%; at least about 40%; at
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least about 50%; at least about 60%; at least about 70%; at
least about 80%; and at least about 90%.

A compound (such as a small molecule drug or conjugate
thereof) that is “orally bioavailable” is one that possesses a
bioavailability when administered orally of greater than 1%,
and preferably greater than 10%, where a compound’s bio-
availability is the fraction of administered drug that reaches
the systemic circulation in unmetabolized form.

“Alkyl” refers to a hydrocarbon chain, ranging from about
1t0 20 atoms in length. Such hydrocarbons are preferably but
not necessarily saturated and may be branched or straight
chain. Exemplary alkyl groups include methyl, ethyl, propyl,
butyl, pentyl, 2-methylbutyl, 2-ethylpropyl, 3-methylpentyl,
and the like. As used herein, “alkyl” includes cycloalkyl when
three or more carbon atoms are referenced.

“Lower alkyl” refers to an alkyl group containing from 1 to
6 carbon atoms, and may be straight chain or branched, as
exemplified by methyl, ethyl, n-butyl, i-butyl, t-butyl.

“Non-interfering substituents” are those groups that, when
present in a molecule, are non-reactive with other functional
groups contained within the molecule.

“Alkoxy” refers to an —O—R group, wherein R is alkyl or
substituted alkyl, preferably C,-C,, alkyl (e.g., methoxy,
ethoxy, propyloxy, etc.), preferably C,-C,.

“Electrophile” refers to an ion, atom, or an ionic or neutral
collection of atoms having an electrophilic center, i.e., a cen-
ter that is electron seeking, capable of reacting with a nucleo-
phile.

“Nucleophile” refers to an ion or atom or an ionic or neutral
collection of atoms having a nucleophilic center, i.e., a center
that is seeking an electrophilic center, and capable of reacting
with an electrophile.

“Pharmaceutically acceptable excipient” or “pharmaceuti-
cally acceptable carrier” refers to an excipient that may be
included in the compositions of the invention and that causes
no significant adverse toxicological effects to the patient.

“Pharmacologically effective amount,” “physiologically
effective amount,” and “therapeutically effective amount™ are
used interchangeably herein to mean the amount of a water-
soluble oligomer-small molecule drug conjugate present in a
composition that is needed to provide a desired level of active
agent and/or conjugate in the bloodstream or in the target
tissue. The precise amount may depend upon numerous fac-
tors, e.g., the particular active agent, the components and
physical characteristics of the composition, intended patient
population, patient considerations, and may readily be deter-
mined by one skilled in the art, based upon the information
provided herein and available in the relevant literature.

A “difunctional” oligomer is an oligomer having two func-
tional groups contained therein, typically at its termini. When
the functional groups are the same, the oligomer is said to be
homodifunctional. When the functional groups are difterent,
the oligomer is said to be heterobifunctional.

A basic or acidic reactant described herein includes neu-
tral, charged, and any corresponding salt forms thereof.

The term “patient,” refers to a living organism suffering
from or prone to a condition that may be prevented or treated
by administration of a conjugate as described herein and
includes both humans and animals.

“Optional” or “optionally” means that the subsequently
described circumstance may or may not occur, so that the
description includes instances where the circumstance occurs
and instances where it does not.

As indicated above, the present invention is directed to
(among other things) a compound comprising a residue of a
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calcium channel blocker covalently attached via a stable or
degradable linkage to a water-soluble and non-peptidic oli-
gomer.

In one or more embodiments of the invention, a compound
is provided, the compound comprising a residue of a calcium
channel blocker covalently attached via a stable or degradable
linkage to a water-soluble and non-peptidic oligomer,
wherein the calcium channel blocker has a structure encom-
passed by the following formula:

Formula I

wherein (with respect to this Formula I):

R is hydrogen or lower alkyl;

R' and R? are each independently selected from the group
consisting of hydrogen, substituted lower alkyl, unsubstituted
lower alkyl, and —YOYNR®R’, where each Y is indepen-
dently lower alkylene and R® and R” are each independently
selected from group consisting of hydrogen, unsubstituted
lower alkyl, substituted lower alkyl, cycloalkyl, aryl and alky-
laryl;

R? and R* are each independently selected from the group
consisting of hydrogen, unsubstituted lower alkyl, substituted
lower alkyl, and —YNR®R’, where Y is lower alkylene and
R® and R’ are each independently selected from group con-
sisting of hydrogen, unsubstituted lower alkyl, substituted
lower alkyl, cycloalkyl, aryl and alkylaryl; and

each R° is independently selected from group consisting of
hydrogen, unsubstituted lower alkyl, substituted lower alkyl,
chloro, fluoro and nitro. Pharmaceutically acceptable salts of
the compounds are also contemplated. Optionally, the com-
pound can be combined with a pharmaceutically acceptable
excipient to form a composition.

In one embodiment, R is hydrogen. In another embodi-
ment, R is methylethyl. In another embodiment, R is methyl-
propyl.

In one embodiment R! is methyl. In another embodiment
R' is CH,OCH,CH,NH,,.

In one embodiment R* is methyl. In another embodiment
R? is CH,OCH,CH,NH,,.

In one embodiment R? is hydrogen. In another embodi-
ment R? is methyl. In another embodiment R> is ethyl. In
another embodiment R? is methylethyl. In another embodi-
ment R? is methoxyethyl. In another embodiment R? is
2-(benzyl-methyl-amino)ethyl.

In one embodiment R* is hydrogen. In another embodi-
ment R* is methyl. In another embodiment R* is ethyl. In
another embodiment R* is methylethyl. In another embodi-
ment R* is methoxyethyl. In another embodiment R* is
2-(benzyl-methyl-amino)ethyl.

In one embodiment R® is hydrogen. In another embodi-
ment R is chloro. In another embodiment one R is 2-chloro
and another R? is 3-chloro. In another embodiment R is nitro.

In one or more embodiments of the invention, a compound
is provided, the compound comprising a residue of a calcium
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channel blocker covalently attached via a stable or degradable
linkage to a water-soluble and non-peptidic oligomer,
wherein the calcium channel blocker has a structure encom-
passed by the following formula:

Formula IT

Rl0OC COOR?

H;C g CH,—O0—Y —NHR?

wherein (with respect to this Formula II):

Y is selected from the group consisting of —(CH,),—,
—(CH,);—, —CH,CH(CH,) and —CH,C(CH;),—;

R is aryl;

R! and R? are each independently C,-C, alkyl or 2-meth-
oxyethyl; and

R? is selected from the group consisting of hydrogen,
C,-C, alkyl, 2-(C,-C, alkoxy)ethyl, cyclopropylmethyl, ben-
zyl, and —(CH,),,COR* where m is 1, 2, or 3 and R* is
hydroxyl, C,-C, alkoxy or NR°R® where R® and R® are inde-
pendently hydrogen or C,-C, alkyl. Preferably, aryl is: phe-
nyl; phenyl substituted by one or two of nitro, halo, C,-C,
alkyl, C,-C, alkoxy, hydroxy, trifluoromethyl or cyano;
1-naphthyl; or 2-naphthyl. Pharmaceutically acceptable salts
(such as acid addition salts) of the compounds are also con-
templated. Optionally, the compound can be combined with a
pharmaceutically acceptable excipient to form a composi-
tion. CCBs encompassed by Formula II may be synthesized
using processes known to one skilled in the art and are also
disclosed in U.S. Pat. No. 4,572,909.

In one or more embodiments of the invention, a compound
is provided, the compound comprising a residue of a calcium
channel blocker covalently attached via a stable or degradable
linkage to a water-soluble and non-peptidic oligomer,
wherein the calcium channel blocker has a structure encom-
passed by the following formula:

Formula ITT
R4
R3
RlOOC COOR2
HsC N CH;
3 o 3

wherein (with respect to this Formula III):

R! is selected from the group conmsisting of —CH,,
—C,H;, —CH,CH,0OCHj; and CH,CH,OC,Hs;

R? is selected from the group consisting of —CH,CHs,,
—CH(CHs;),, —C(CH,)s, —CH(CH,)CH,OCH,;,
—C(CH;),CH,0OCH, and —CH,C(CH,;)—CH,. In some
instances, it is preferred that R' and R? are not the same, R? is
chloro and R* is selected from the group consisting of chloro
and methyl. Pharmaceutically acceptable salts of the com-
pounds are also contemplated. Optionally, the compound can
be combined with a pharmaceutically acceptable excipient to
form a composition. CCBs encompassed by Formula I1I may
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be synthesized using processes known to one skilled in the art
and are also disclosed in U.S. Pat. No. 4,264,611.

In one or more embodiments of the invention, a compound
is provided, the compound comprising a residue of a calcium
channel blocker covalently attached via a stable or degradable
linkage to a water-soluble and non-peptidic oligomer,
wherein the calcium channel blocker has a structure encom-
passed by the following formula:

Formula IV

wherein (with respect to Formula IV):

R is hydrogen or C,_, alkyl;

R? and R’ are independently hydrogen or C,_, alkyl;

R? and R* are independently are COOR” or —OOC-A-
NR®*R®, wherein R” is independently C,  alkyl, C,_,
cycloalkyl, C, |, phenylalkyl or C,_; alkoxyalkyl, A is C, ¢
alkylene, and R® and R® are independently, is C, 4 alkyl or
C,_,, phenylalkyl; and

A is oxygen or sulphur.

Pharmaceutically acceptable salts (such as acid addition
salts) of the compounds are also contemplated. Optionally,
the compound can be combined with a pharmaceutically
acceptable excipient to form a composition. CCBs encom-
passed by Formula IV may be synthesized using processes
known to one skilled in the art and are also disclosed in U.S.
Pat. No. 4,466,972.

In one or more embodiments of the invention, a compound
is provided, the compound comprising a residue of a calcium
channel blocker covalently attached via a stable or degradable
linkage to a water-soluble and non-peptidic oligomer,
wherein the calcium channel blocker has a structure encom-
passed by the following formula:

Formula V

wherein (with respect to Formula V):

R is hydrogen or lower alkyl;

R! and R? are each methyl;

R? is selected from the group consisting of phenyl, benzyl,
halobenzyl, lower alkoxy-benzyl;

R* is selected from the group consisting of hydrogen,
methyl and ethyl;

A is lower alkylene;
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R’ is selected from the group consisting of methyl, lower
alkoxy, lower alkoxy substituted lower alkoxy and O-A-
NR’R?, where R® and R* have the same meaning as above;
and

R is nitro or trifluoromethyl.

Pharmaceutically acceptable salts of the compounds are also
contemplated. Optionally, the compound can be combined
with a pharmaceutically acceptable excipient to form a com-
position. CCBs encompassed by Formula V may be synthe-
sized using processes known to one skilled in the art and are
also disclosed in U.S. Pat. No. 3,985,758.

In one or more embodiments of the invention, a compound
is provided, the compound comprising a residue of a calcium
channel blocker covalently attached via a stable or degradable
linkage to a water-soluble and non-peptidic oligomer,
wherein the calcium channel blocker has a structure encom-
passed by the following formula:

Formula VI

R'OOC

wherein (with respect to Formula VI):

each R is independently selected from hydrogen and lower
alkyl;

each R' is independently selected from lower alkyl; and

R" is selected from the group consisting of hydrogen, 2,4-
dinitro, amino, di-lower alkylamino, 3-amino-4-chloro,
3-amino-6-chloro, 3-nitro-4-dilower alkylamino, 3-nitro-4-
chloro and 3-nitro-6-chloro. Pharmaceutically acceptable
salts of the compounds are also contemplated. Optionally, the
compound can be combined with a pharmaceutically accept-
able excipient to form a composition. CCBs encompassed by
Formula VI may be synthesized using processes known to one
skilled in the art and are also disclosed in U.S. Pat. No.
3,485,847.

In one or more embodiments of the invention, a compound
is provided, the compound comprising a residue of a calcium
channel blocker covalently attached via a stable or degradable
linkage to a water-soluble and non-peptidic oligomer,
wherein the calcium channel blocker has a structure encom-
passed by the following formula:

SOA
N <\)/\/\]
| R

Formula VII

N
lll
C
(CH),
| N R!
I
F X
R R

wherein (with respect to Formula VII):
R! is a member selected from the group consisting of lower
alkyl, cyclohexyl, and phenyl;
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each R is independently selected from the group consisting
of hydrogen, chlorine, lower alkoxy and lower alkyl (and
preferably at least one R is chlorine, lower alkoxy and lower
alkyl); and

(n) is an integer from 2 to 3, inclusive.

Pharmaceutically acceptable salts (such as acid addition
salts) of the compounds are also contemplated. Optionally,
the compound can be combined with a pharmaceutically
acceptable excipient to form a composition. CCBs encom-
passed by Formula VII may be synthesized using processes
known to one skilled in the art and are also disclosed in U.S.
Pat. No. 3,261,859.

In one or more embodiments of the invention, a compound
is provided, the compound comprising a residue of a calcium
channel blocker covalently attached via a stable or degradable
linkage to a water-soluble and non-peptidic oligomer,
wherein the calcium channel blocker has a structure encom-
passed by the following formula:

Formula VIII

wherein (with respect to Formula VIII):

R! is a phenyl group optionally substituted with 1 to 3
substituents selected from the group consisting of lower alkyl
groups, lower alkoxy groups and halogen atoms;

R? is a hydrogen atom or a lower alkanoyl group;

R? and R* are each independently a lower alkyl group;

X is hydrogen or a halogen atom; and

Y is an alkylene group of 2 or 3 carbon atoms.
Pharmaceutically acceptable salts of the compounds are also
contemplated. Optionally, the compound can be combined
with a pharmaceutically acceptable excipient to form a com-
position. CCBs encompassed by Formula VIII may be syn-
thesized using the processes known to one skilled in the art
and are also disclosed in U.S. Pat. Nos. 3,562,257 and 4,552,
695.

In one or more embodiments of the invention, a compound
is provided, the compound comprising a residue of a calcium
channel blocker covalently attached via a stable or degradable
linkage to a water-soluble and non-peptidic oligomer,
wherein the calcium channel blocker has a structure encom-
passed by the following formula:

Formula IX

\O

\O

/
e

o
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Pharmaceutically acceptable salts of the compounds are also
contemplated. Optionally, the compound can be combined
with a pharmaceutically acceptable excipient to form a com-
position. The CCB of Formula X may be synthesized using
processes known to one skilled in the art and are also dis-
closed in U.S. Pat. No. 3,261,859.

In one or more embodiments of the invention, a compound
is provided, the compound comprising a residue of a calcium
channel blocker covalently attached via a stable or degradable
linkage to a water-soluble and non-peptidic oligomer,
wherein the calcium channel blocker has a structure encom-
passed by the following formula:

O
HO
O
\ N
N\/\ N
/ S

Pharmaceutically acceptable salts of the compounds are also
contemplated. Optionally, the compound can be combined
with a pharmaceutically acceptable excipient to form a com-
position.

In one or more embodiments of the invention, a compound
is provided, the compound comprising a residue of a calcium
channel blocker covalently attached via a stable or degradable
linkage to a water-soluble and non-peptidic oligomer,
wherein the calcium channel blocker has a structure encom-
passed by the following formula:

Pharmaceutically acceptable salts of the compounds are also
contemplated. Optionally, the compound can be combined
with a pharmaceutically acceptable excipient to form a com-
position.

In one or more embodiments of the invention, a compound
is provided, the compound comprising a residue of a calcium
channel blocker covalently attached via a stable or degradable
linkage to a water-soluble and non-peptidic oligomer,
wherein the calcium channel blocker has a structure encom-
passed by the following formula:
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Pharmaceutically acceptable salts of the compounds are also
contemplated. Optionally, the compound can be combined
with a pharmaceutically acceptable excipient to form a com-
position.

In one or more embodiments of the invention, a compound
is provided, the compound comprising a residue of a calcium
channel blocker covalently attached via a stable or degradable
linkage to a water-soluble and non-peptidic oligomer,
wherein the calcium channel blocker has a structure encom-
passed by the following formula:

Pharmaceutically acceptable salts of the compounds are also
contemplated. Optionally, the compound can be combined
with a pharmaceutically acceptable excipient to form a com-
position.

In one or more embodiments of the invention, a compound
is provided, the compound comprising a residue of a calcium
channel blocker covalently attached via a stable or degradable
linkage to a water-soluble and non-peptidic oligomer,
wherein the calcium channel blocker has a structure encom-
passed by the following formula:

O\/\N
! |

Pharmaceutically acceptable salts of the compounds are also
contemplated. Optionally, the compound can be combined
with a pharmaceutically acceptable excipient to form a com-
position.

In one or more embodiments of the invention, a compound
is provided, the compound comprising a residue of a calcium
channel blocker covalently attached via a stable or degradable

10

15

20

25

30

35

40

45

50

55

60

18
linkage to a water-soluble and non-peptidic oligomer,
wherein the calcium channel blocker has a structure encom-
passed by the following formula:

Pharmaceutically acceptable salts of the compounds are also
contemplated. Optionally, the compound can be combined
with a pharmaceutically acceptable excipient to form a com-
position.

In one or more embodiments of the invention, a compound
is provided, the compound comprising a residue of a calcium
channel blocker covalently attached via a stable or degradable
linkage to a water-soluble and non-peptidic oligomer,
wherein the calcium channel blocker has a structure encom-
passed by the following formula:

Pharmaceutically acceptable salts of the compounds are also
contemplated. Optionally, the compound can be combined
with a pharmaceutically acceptable excipient to form a com-
position.

In one or more embodiments of the invention, a compound
is provided, the compound comprising a residue of a calcium
channel blocker covalently attached via a stable or degradable
linkage to a water-soluble and non-peptidic oligomer,
wherein the calcium channel blocker has a structure encom-
passed by the following formula:

Pharmaceutically acceptable salts of the compounds are also
contemplated. Optionally, the compound can be combined
with a pharmaceutically acceptable excipient to form a com-
position.
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In one or more embodiments of the invention, a compound
is provided, the compound comprising a residue of a calcium
channel blocker covalently attached via a stable or degradable
linkage to a water-soluble and non-peptidic oligomer,
wherein the calcium channel blocker has a structure encom-
passed by the following formula:

()

N

Pharmaceutically acceptable salts of the compounds are also
contemplated. Optionally, the compound can be combined
with a pharmaceutically acceptable excipient to form a com-
position. This CCB may be synthesized using the processes
known to one skilled in the art and is also disclosed in U.S.
Pat. No. 3,962,238 and RE 30,577.

Examples of calcium channel blockers include, but are not
limited to, amlodipine, bepridil, diltiazem, felodipine, israd-
ipine, nicardipine, nifedipine, nimodipine, nisoldipine and
verapamil.

It is believed that an advantage of the conjugates of the
present invention is their ability to retain some degree of
calcium channel blocker activity while also exhibiting a
decrease in metabolism. Although not wishing to be bound by
theory, it is believed that the oligomer-containing conjugates
described herein, in contrast to the unconjugated “original”
calcium channel blocker, are not metabolized as readily
because the oligomer serves to reduce the overall affinity of
the compound to substrates that may metabolize calcium
channel blockers. In addition (and again, not wishing to be
bound by theory), the extra size introduced by the oligomer, in
contrast to the unconjugated “original” calcium channel
blocker, reduces the ability of the compound to cross the
blood-brain barrier. Even should the linkage between the
residue of the calcium channel blocker and the oligomer be
degradable, the compound still offers advantages (such as
avoiding first-pass metabolism upon initial absorption).

Use of discrete oligomers (e.g., from a monodisperse or
bimodal composition of oligomers, in contrast to relatively
impure compositions) to form conjugates may advanta-
geously alter certain properties associated with the corre-
sponding small molecule drug. For instance, a conjugate of
the invention, when administered by any of a number of
suitable administration routes, such as parenteral, oral, trans-
dermal, buccal, pulmonary, or nasal, exhibits reduced pen-
etration across the blood-brain barrier. It is preferred that the
conjugates exhibit slowed, minimal or effectively no crossing
of the blood-brain barrier, while still crossing the gastro-
intestinal (GI) walls and into the systemic circulation if oral
delivery is intended. Moreover, the conjugates of the inven-
tion maintain a degree of bioactivity as well as bioavailability
in their conjugated form.

With respect to the blood-brain barrier (“BBB”), this bar-
rier restricts the transport of drugs from the blood to the brain.
This barrier consists of a continuous layer of unique endot-
helial cells joined by tight junctions. The cerebral capillaries,
which comprise more than 95% of the total surface area of the
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BBB, represent the principal route for the entry of solutes and
drugs into the central nervous system.

For compounds whose degree of blood-brain barrier cross-
ing ability is not known, the ability may be determined using
a suitable animal model such as an in situ rat brain perfusion
(“RBP”) model as described herein. Briefly, the RBP tech-
nique involves cannulation of the carotid artery followed by
perfusion with a compound solution under controlled condi-
tions, followed by a wash out phase to remove compound
remaining in the vascular space. (Such analyses may be con-
ducted, for example, by contract research organizations such
as Absorption Systems, Exton, Pa.). More specifically, in the
RBP model, a cannula is placed in the left carotid artery and
the side branches are tied off. A physiologic buffer containing
the compound (5 micromolar) is perfused at a flow rate of 10
ml./min in a single pass perfusion experiment. After 30 sec-
onds, the perfusion is stopped and the brain vascular contents
are washed out with compound-free buffer for an additional
30 seconds. The brain tissue is then removed and analyzed for
compound concentrations via liquid chromatograph with tan-
dem mass spectrometry detection (LC/MS/MS). Alterna-
tively, blood-brain barrier permeability can be estimated
based upon a calculation of the compound’s molecular polar
surface area (“PSA”), which is defined as the sum of surface
contributions of polar atoms (usually oxygens, nitrogens and
attached hydrogens) in a molecule. The PSA has been shown
to correlate with compound transport properties such as
blood-brain barrier transport. Methods for determining a
compound’s PSA can be found, e.g., in, Ertl, P., et al., J. Med.
Chem. 2000, 43, 3714-3717; and Kelder, 1., et al., Pharm.
Res. 1999, 16, 1514-1519.

With respect to the blood-brain barrier, the water-soluble
oligomer-small molecule drug conjugate exhibits a blood-
brain barrier crossing rate that is reduced as compared to the
crossing rate of the small molecule drug not attached to the
water-soluble oligomer. Exemplary reductions in blood-brain
barrier crossing rates for the conjugates described herein
include reductions of: at least about 5%; at least about 10%; at
least about 25%; at least about 30%; at least about 40%; at
least about 50%; at least about 60%; at least about 70%; at
least about 80%; or at least about 90%, when compared to the
blood-brain barrier crossing rate of the small molecule drug
not attached to the water-soluble oligomer. A preferred reduc-
tion in the blood-brain barrier crossing rate for a conjugate is
at least about 20%.

As indicated above, the compounds of the invention
include a residue of a calcium channel blocker. Assays for
determining whether a given compound may block calcium
channel stimuli are described infra.

Exemplary calcium channel blockers have the following
formula:

Formula I

R3*00C

Rr!
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wherein (with respect to this Formula I):

R is hydrogen or lower alkyl;

R! and R? are each independently selected from the group
consisting of hydrogen, substituted lower alkyl, unsubstituted
lower alkyl, and —YOYNRO®R’, where each Y is indepen-
dently lower alkylene and RS and R” are each independently
selected from group consisting of hydrogen, unsubstituted
lower alkyl, substituted lower alkyl, cycloalkyl, aryl and alky-
laryl;

R? and R* are each independently selected from the group
consisting of hydrogen, unsubstituted lower alkyl, substituted
lower alkyl, and —YNR®R”, where Y is lower alkylene and
R® and R” are each independently selected from group con-
sisting of hydrogen, unsubstituted lower alkyl, substituted
lower alkyl, cycloalkyl, aryl and alkylaryl; and

each R’ is independently selected from group consisting of
hydrogen, unsubstituted lower alkyl, substituted lower alkyl,
chloro, fluoro and nitro. Pharmaceutically acceptable salts of
the compounds are also contemplated. Optionally, the com-
pound can be combined with a pharmaceutically acceptable
excipient to form a composition.

In one embodiment, R is hydrogen. In another embodi-
ment, R is methylethyl. In another embodiment, R is methyl-
propyl.

In one embodiment R! is methyl. In another embodiment
R' is CH,OCH,CH,NH,,.

In one embodiment R? is methyl. In another embodiment
R? is CH,OCH,CH,NH,,.

In one embodiment R? is hydrogen. In another embodi-
ment R? is methyl. In another embodiment R? is ethyl. In
another embodiment R? is methylethyl. In another embodi-
ment R? is methoxyethyl. In another embodiment R? is
2-(benzyl-methyl-amino)ethyl.

In one embodiment R* is hydrogen. In another embodi-
ment R* is methyl. In another embodiment R* is ethyl. In
another embodiment R* is methylethyl. In another embodi-
ment R* is methoxyethyl. In another embodiment R* is
2-(benzyl-methyl-amino)ethyl.

In one embodiment R® is hydrogen. In another embodi-
ment R is chloro. In another embodiment one R is 2-chloro
and another R® is 3-chloro. In another embodiment R? is nitro.

In some instances, calcium channel blockers may be
obtained from commercial sources. In addition, calcium
channel blockers may be obtained through chemical synthe-
sis. Synthetic approaches for preparing calcium channel
blockers is described in the literature and in, for example,
U.S. Pat. Nos. 4,466,972, 4,552,695, 3,562,257, RE30,577,
3,261,859, 4,406,906, 3,985,758, 3,485,847, 4,264,611, and
4,572,909.

Each of these (and other) calcium channel blockers can be
covalently attached (either directly or through one or more
atoms) to a water-soluble and non-peptidic oligomer.

The calcium channel blockers used in the conjugates are
small molecule drugs, that is to say, pharmacologically active
compounds having a molecular weight of less than about
1000 Daltons. Small molecule drugs, for the purpose of the
invention, include oligopeptides, oligonucleotides, and other
biomolecules having a molecular weight of less than about
1000 Daltons. Also encompassed in the term “small molecule
drug” is any fragment of a peptide, protein or antibody,
including native sequences and variants falling within the
molecular weight range stated above. In one or more embodi-
ments, however, it is preferred that the small molecule drug
satisfies one or more of the following: not an oligopeptide; not
anoligonucleotide; not an antibody; and not a fragment of any
of the foregoing.
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Exemplary molecular weights of small molecule drugs
include molecular weights of: less than about 950; less than
about 900; less than about 850; less than about 800; less than
about 750; less than about 700; less than about 650; less than
about 600; less than about 550; less than about 500; less than
about 450; less than about 400; less than about 350; and less
than about 300.

The small molecule drug used in the invention, if chiral,
may be obtained from a racemic mixture, or an optically
active form, for example, a single optically active enantiomer,
or any combination or ratio of enantiomers. In addition, the
small molecule drug may possess one or more geometric
isomers. With respect to geometric isomers, a composition
may a mixture of two or more geometric isomers. A small
molecule drug for use in the present invention may be in its
customary active form or may possess some degree of modi-
fication. For example, a small molecule drug may have a
targeting agent, tag, or transporter attached thereto, prior to or
after covalent attachment of an oligomer. Alternatively, the
small molecule drug may possess a lipophilic moiety attached
thereto, such as a phospholipid (e.g., distearoylphosphati-
dylethanolamine or “DSPE,” dipalmitoylphosphatidyletha-
nolamine or “DPPE,” and so forth) or a small fatty acid. In
some instances, however, it is preferred that the small mol-
ecule drug moiety does not include attachment to a lipophilic
moiety.

The calcium channel blocker for coupling to a water-
soluble and non-peptidic oligomer possesses a free hydroxyl,
carboxyl, thio, amino group, or the like (i.e., “handle™) suit-
able for covalent attachment to the oligomer. In addition, the
calcium channel blocker may be modified by introduction of
a reactive group, preferably by conversion of one of its exist-
ing functional groups to a functional group suitable for for-
mation of a stable covalent linkage between the oligomer and
the drug. Both approaches are illustrated in the Experimental
section.

The water-soluble and non-peptidic oligomer comprises
one or more monomers serially attached to form a chain of
monomers. The oligomer may be formed from a single mono-
mer type (i.e., is homo-oligomeric) or two or three monomer
types (i.e., is co-oligomeric). Preferably, each oligomer is a
co-oligomer of two monomers or, more preferably, is ahomo-
oligomer.

Accordingly, each oligomer is composed of up to three
different monomer types selected from the group consisting
of: alkylene oxide, such as ethylene oxide or propylene oxide;
olefinic alcohol, such as vinyl alcohol, 1-propenol or 2-pro-
penol; vinyl pyrrolidone; hydroxyalkyl methacrylamide or
hydroxyalkyl methacrylate, where alkyl is preferably methyl;
a-hydroxy acid, such as lactic acid or glycolic acid; phosp-
hazene, oxazoline, amino acids, carbohydrates such as
monosaccharides, saccharide or mannitol; and N-acryloyl-
morpholine. Preferred monomer types include alkylene
oxide, olefinic alcohol, hydroxyalkyl methacrylamide or
methacrylate, N-acryloylmorpholine, and c-hydroxy acid.
Preferably, each oligomer is, independently, a co-oligomer of
two monomer types selected from this group, or, more pref-
erably, is a homo-oligomer of one monomer type selected
from this group.

The two monomer types in a co-oligomer may be of the
same monomer type, for example, two alkylene oxides, such
as ethylene oxide and propylene oxide. Preferably, the oligo-
mer is a homo-oligomer of ethylene oxide. Usually, although
not necessarily, the terminus (or termini) of the oligomer that
is not covalently attached to a small molecule is capped to
render it unreactive. Alternatively, the terminus may include a
reactive group. When the terminus is a reactive group, the
reactive group is either selected such that it is unreactive
under the conditions of formation of the final oligomer or
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during covalent attachment of the oligomer to a small mol-
ecule drug, or it is protected as necessary. One common
end-functional group is hydroxyl or —OH, particularly for
oligoethylene oxides.

The water-soluble and non-peptidic oligomer (e.g.,
“POLY” in various structures provided herein) may have any
of'a number of different geometries. For example, the water-
soluble and non-peptidic oligomer may be linear, branched,
or forked. The water-soluble and non-peptidic oligomer is
linear or is branched, for example, having one branch point.
Although much of the discussion herein is focused upon
poly(ethylene oxide) as an illustrative oligomer, the discus-
sion and structures presented herein can be readily extended
to encompass any of the water-soluble and non-peptidic oli-
gomers described above.

The molecular weight of the water-soluble and non-pep-
tidic oligomer, excluding the linker portion, is generally rela-
tively low. Exemplary values of the molecular weight of the
water-soluble polymer include: below about 1500; below
about 1450; below about 1400; below about 1350; below
about 1300; below about 1250; below about 1200; below
about 1150; below about 1100; below about 1050; below
about 1000; below about 950; below about 900; below about
850; below about 800; below about 750; below about 700;
below about 650; below about 600; below about 550; below
about 500; below about 450; below about 400; below about
350; below about 300; below about 250; below about 200; and
below about 100 Daltons.

Exemplary ranges of molecular weights of the water-
soluble and non-peptidic oligomer (excluding the linker)
include: from about 100 to about 1400 Daltons; from about
100 to about 1200 Daltons; from about 100 to about 800
Daltons; from about 100 to about 500 Daltons; from about
100 to about 400 Daltons; from about 200 to about 500
Daltons; from about 200 to about 400 Daltons; from about 75
to 1000 Daltons; and from about 75 to about 750 Daltons.

Preferably, the number of monomers in the water-soluble
and non-peptidic oligomer falls within one or more of the
following ranges: between about 1 and about 30 (inclusive);
between about 1 and about 25; between about 1 and about 20;
between about 1 and about 15; between about 1 and about 12;
between about 1 and about 10. In certain instances, the num-
ber of monomers in series in the oligomer (and the corre-
sponding conjugate) is one of 1, 2, 3, 4, 5, 6, 7, or 8. In
additional embodiments, the oligomer (and the correspond-
ing conjugate) contains 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, or 20 monomers in series. In yet further embodiments, the
oligomer (and the corresponding conjugate) possesses 21, 22,
23,24,25,26,27, 28,29 or 30 monomers in series. Thus, for
example, when the water-soluble and non-peptidic polymer
includes CH;—(OCH,CH,),—, “n” is an integer that may be
1,2,3,4,5,6,7,8,9,10,11, 12, 13,14, 15, 16,17, 18, 19, 20,
21,22,23,24,25,26,27,28, 29 or 30, and may fall within one
or more of the following ranges: between about 1 and about
25; between about 1 and about 20; between about 1 and about
15; between about 1 and about 12; between about 1 and about
10.

When the water-soluble and non-peptidic oligomer has 1,
2,3,4,5,6,7,8,9, or 10 monomers, these values correspond
to a methoxy end-capped oligo(ethylene oxide) having a
molecular weights of about 75, 119, 163, 207,251, 295, 339,
383, 427, and 471 Daltons, respectively. When the oligomer
has 11, 12, 13, 14, or 15 monomers, these values correspond
to methoxy end-capped oligo(ethylene oxide) having
molecular weights corresponding to about 515, 559, 603,
647, and 691 Daltons, respectively.
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When the water-soluble and non-peptidic oligomer is
attached to the calcium channel blocker (in contrast to the
step-wise addition of one or more monomers to effectively
“grow” the oligomer onto the calcium channel blocker), it is
preferred that the composition containing an activated form
of the water-soluble and non-peptidic oligomer be monodis-
persed. In those instances, however, where a bimodal com-
position is employed, the composition will possess a bimodal
distribution centering around any two of the above numbers
of monomers. Ideally, the polydispersity index of each peak
in the bimodal distribution, Mw/Mn, is 1.01 or less, and even
more preferably, is 1.001 or less, and even more preferably is
1.0005 or less. More preferably, each peak possesses a
MW/Mn value of 1.0000. For instance, a bimodal oligomer
may have any one of the following exemplary combinations
of monomer subunits: 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9,
1-10, and so forth; 2-3, 2-4, 2-5, 2-6, 2-7, 2-8, 2-9, 2-10, and
so forth; 3-4, 3-5, 3-6, 3-7, 3-8, 3-9, 3-10, and so forth; 4-5,
4-6,4-7, 4-8, 4-9, 4-10, and so forth; 5-6, 5-7, 5-8, 5-9, 5-10,
and so forth; 6-7, 6-8, 6-9, 6-10, and so forth; 7-8, 7-9, 7-10,
and so forth; and 8-9, 8-10, and so forth.

In some instances, the composition containing an activated
form of the water-soluble and non-peptidic oligomer will be
trimodal or even tetramodal, possessing a range of monomers
units as previously described. Oligomer compositions pos-
sessing a well-defined mixture of oligomers (i.e., being bimo-
dal, trimodal, tetramodal, and so forth) can be prepared by
mixing purified monodisperse oligomers to obtain a desired
profile of oligomers (a mixture of two oligomers differing
only in the number of monomers is bimodal; a mixture of
three oligomers differing only in the number of monomers is
trimodal; a mixture of four oligomers differing only in the
number of monomers is tetramodal), or alternatively, can be
obtained from column chromatography of a polydisperse oli-
gomer by recovering the “center cut”, to obtain a mixture of
oligomers in a desired and defined molecular weight range.

It is preferred that the water-soluble and non-peptidic oli-
gomer is obtained from a composition that is preferably uni-
molecular or monodisperse. That is, the oligomers in the
composition possess the same discrete molecular weight
value rather than a distribution of molecular weights. Some
monodisperse oligomers may be purchased or prepared from
commercial sources (e.g., Sigma-Aldrich, St. Louis, Mo.), or
alternatively, may be chemically synthesized. Water-soluble
and non-peptidic oligomers may be prepared as described in
ChenY., Baker, G. L., J. Org. Chem., 6870-6873 (1999), WO
02/098949, and U.S. Patent Application Publication 2005/
0136031.

When present, the linker or linkage (through which the
water-soluble and non-peptidic polymer is attached to the
calcium channel blocker) may be a single atom, such as an
oxygen or a sulfur, two atoms, or a number of atoms. A linker
may be linear in nature. The linkage, “X” is hydrolytically
stable, and is preferably also enzymatically stable. Preferably,
the linkage “X” is one having a chain length of less than about
12 atoms, and preferably less than about 10 atoms, and even
more preferably less than about 8 atoms and even more pref-
erably less than about 5 atoms, whereby length is meant the
number of atoms in a single chain, not counting substituents.
For instance, a urea linkage such as this, R, ,,e,—NH—
(C=0)—NH—R',,,.. is considered to have a chain length of
3 atoms (—NH—C(O)—NH—). In selected embodiments,
the linkage does not comprise further spacer groups.

In some instances, the linker “X” comprises an ether,
amide, urethane, amine, thioether, urea, or a carbon-carbon
bond. Functional groups such as those discussed below, are
used for forming the linkages. The linkage may less prefer-
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ably also comprise (or be adjacent to or flanked by) spacer
groups, as described further below. Spacers are useful in
instances where the bioactivity of the conjugate is signifi-
cantly reduced due to the positioning of the oligomer on the
parent drug.

More specifically, in selected embodiments, a linker of the
invention, X, may be any of'the following: “-” (i.e., a covalent
bond, that may be stable or degradable, between the residue of
the small molecule calcium channel blocker and the water-
soluble and non-peptidic oligomer), —O—, —NH— —S—,
—C(0)—, —C(0)0—, —OC(0)—, —CH,—C(0)0—,
—CH,—0C(0)—, —C(0)0—CH,—, —OC(0)—CH,—,
—C(O)—NH—, —NH—C(O)—NH—, —O—C(O)—NH,
—C(S)—, —CH,—, —CH,—CH,—, —CH,—CH,—
CH,—  —CH,—CH,—CH,—CH,—, —0O—CH,—,
—CH,—0—, —O—CH,—CH,—, —CH,—0—CH,—,
—CH,—CH,—0—,—0—CH,—CH,—CH,—,—CH,—
O—CH,—CH,—, —CH,—CH,—0—CH,—, —CH,—
CH,—CH,—0—, —O—CH,—CH,—CH,—CH,—,
—CH,—0—CH,—CH,—CH,—, —CH,—CH,—0—
CH,—CH,—,—CH,—CH,—CH,—0—CH,—,—CH,—
CH,—CH,—CH,—0—, —C(O)—NH—CH,—,
—C(O)—NH—CH,—CH,—, —CH,—C(O)—NH—
CH,— —CH,—CH,—C(0O)—NH—, —C(O)—NH—
CH,—CH,—CH,—, —CH,—C(O)NH—CH,—CH,—,

—CH,CH, C(O)NH—CH,—,  —CH, CH,—
CH,—C(0)—NH—, —C(O)NHCH,CH,CH,

H,—, —CH,—C(0)NH—CH,CH, CH,—,
—CH,CH,C(O)NHCH,CH,—,  —CH,—

CH,—CH,—C(0)—NH—CH,—, —CH,CH,CH,
C(O)—NH—CH,CH,—, —CH,CH,CH,CH,

C(0)NH—, —NHC(O) CH,, —CH, NH C
(0)—CH,—, —CH,—CH,—NH—C(0)—CH,—,
—NH-C(0)CH, CH,—,  —CH, NHC(O)—
CH,CH,,  —CH, CH, NH C(O)CH,CH,,

—C(0)NH—CH,—,
—0-—C(0)—NH—CH,—,

~~C(0)—NH—CH,CH,—,
—0—C(0)—NH—CH,—

CH,—, —NH-CH,—, —NH CH,—CH,—, —CH,
NH-CH,—, —CH, CH, NH CH,, —C(O)—
CH,—, —C(0)—CH,—CH,—, —CH,—C(O)—CH,—,

—CH,—CH,—C(0)—CH,—, —CH,—CH,—C(0)—
CH,—CH,—, —CH,—CH,—C(0)—, —CH,—CH,—
CH,—C(O)—NH—CH,—CH,—NH—, —CH,—CH,—
CH,—C(O)—NH—CH,—CH,—NH—C(0)—, —CH,—
CH,—CH,—C(0)—NH—CH,—CH,—NH—C(0)—
CH,—, bivalent cycloalkyl group, —N(R)—, R is selected
from the group consisting of hydrogen, alkyl, substituted
alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alky-
nyl, aryl and substituted aryl.

For purposes of the present invention, however, a series of
atoms is not considered as a linkage when the series of atoms
is immediately adjacent to an oligomer segment, and the
series of atoms is but another monomer such that the proposed
linkage would represent a mere extension of the oligomer
chain.

The linkage “X” between the water-soluble and non-pep-
tidic oligomer and the small molecule is formed by reaction of
a functional group on a terminus of the oligomer (or one or
more monomers when it is desired to “grow” the oligomer
onto the calcium channel blocker) with a corresponding func-
tional group within the calcium channel blocker. Illustrative
reactions are described briefly below. For example, an amino
group on an oligomer may be reacted with a carboxylic acid
or an activated carboxylic acid derivative on the small mol-
ecule, or vice versa, to produce an amide linkage. Alterna-
tively, reaction of an amine on an oligomer with an activated
carbonate (e.g. succinimidyl or benzotriazyl carbonate) on
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the drug, or vice versa, forms a carbamate linkage. Reaction
of an amine on an oligomer with an isocyanate
(R—N—C—0) on a drug, or vice versa, forms a urea linkage
(R—NH—(C—0)—NH—R"). Further, reaction of an alco-
hol (alkoxide) group on an oligomer with an alkyl halide, or
halide group within a drug, or vice versa, forms an ether
linkage. In yet another coupling approach, a small molecule
having an aldehyde function is coupled to an oligomer amino
group by reductive amination, resulting in formation of a
secondary amine linkage between the oligomer and the small
molecule.

A particularly preferred water-soluble and non-peptidic
oligomer is an oligomer bearing an aldehyde functional
group. In this regard, the oligomer may have the following
structure:  CH;0—(CH,—CH,—0),—(CH,),—C(O)H,
wherein (n) is one of 1, 2,3, 4, 5, 6,7, 8, 9 and 10 and (p) is
oneof'1,2,3,4,5, 6and 7. Preferred (n) values include 3, 5
and 7 and preferred (p) values 2, 3 and 4.

The terminus of the water-soluble and non-peptidic oligo-
mer not bearing a functional group may be capped to render it
unreactive. When the oligomer does includes a further func-
tional group at a terminus other than that intended for forma-
tion of a conjugate, that group is either selected such that it is
unreactive under the conditions of formation of the linkage
“X.” orit is protected during the formation of the linkage “X.”

As stated above, the water-soluble and non-peptidic oligo-
mer includes at least one functional group prior to conjuga-
tion. The functional group comprises an electrophilic or
nucleophilic group for covalent attachment to a small mol-
ecule, depending upon the reactive group contained within or
introduced into the small molecule. Examples of nucleophilic
groups that may be present in either the oligomer or the small
molecule include hydroxyl, amine, hydrazine (—NHNH,),
hydrazide (—C(O)NHNH,), and thiol. Preferred nucleo-
philes include amine, hydrazine, hydrazide, and thiol, par-
ticularly amine. Small molecule drugs for covalent attach-
ment to an oligomer may possess a free hydroxyl, amino, thio,
aldehyde, ketone, or carboxyl group.

Examples of electrophilic functional groups that may be
present in either the oligomer or the small molecule include
carboxylic acid, carboxylic ester, particularly imide esters,
orthoester, carbonate, isocyanate, isothiocyanate, aldehyde,
ketone, thione, alkenyl, acrylate, methacrylate, acrylamide,
sulfone, maleimide, disulfide, iodo, epoxy, sulfonate, thiosul-
fonate, silane, alkoxysilane, and halosilane. More specific
examples of these groups include succinimidyl ester or car-
bonate, imidazoyl ester or carbonate, benzotriazole ester or
carbonate, vinyl sulfone, chloroethylsulfone, vinylpyridine,
pyridyl disulfide, iodoacetamide, glyoxal, dione, mesylate,
tosylate, and tresylate (2,2,2-trifluoroethanesulfonate).

Also included are sulfur analogs of several of these groups,
such as thione, thione hydrate, thioketal, is 2-thiazolidine
thione, etc., as well as hydrates or protected derivatives of any
of the above moieties (e.g. aldehyde hydrate, hemiacetal,
acetal, ketone hydrate, hemiketal, ketal, thioketal, thioacetal).

An “activated derivative” of a carboxylic acid refers to a
carboxylic acid derivative which reacts readily with nucleo-
philes, generally much more readily than the underivatized
carboxylic acid. Activated carboxylic acids include, for
example, acid halides (such as acid chlorides), anhydrides,
carbonates, and esters. Such esters include imide esters, of the
general form —(CO)O—N[(CO)—],; for example, N-hy-
droxysuccinimidyl (NHS) esters or N-hydroxyphthalimidyl
esters. Also preferred are imidazolyl esters and benzotriazole
esters. Particularly preferred are activated propionic acid or
butanoic acid esters, as described in co-owned U.S. Pat. No.
5,672,662. These include groups of the form —(CH,), sC
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(=0)0-Q, where Q is preferably selected from N-succinim-
ide, N-sulfosuccinimide, N-phthalimide, N-glutarimide,
N-tetrahydrophthalimide, N-norbornene-2,3-dicarboximide,
benzotriazole, 7-azabenzotriazole, and imidazole.

Other preferred electrophilic groups include succinimidyl
carbonate, maleimide, benzotriazole carbonate, glycidyl
ether, imidazoyl carbonate, p-nitrophenyl carbonate, acry-
late, tresylate, aldehyde, and orthopyridyl disulfide.

These electrophilic groups are subject to reaction with
nucleophiles, e.g. hydroxy, thio, or amino groups, to produce
various bond types. Preferred for the present invention are
reactions which favor formation of a hydrolytically stable
linkage. For example, carboxylic acids and activated deriva-
tives thereof, which include orthoesters, succinimidyl esters,
imidazolyl esters, and benzotriazole esters, react with the
above types of nucleophiles to form esters, thioesters, and
amides, respectively, of which amides are the more hydro-
Iytically stable. As mentioned above, more preferred are con-
jugates having a hydrolytically stable linkage between the
oligomer and the drug. Carbonates, including succinimidyl,
imidazolyl, and benzotriazole carbonates, react with amino
groups to form carbamates. Isocyanates (R—N—C—0)
react with hydroxyl or amino groups to form, respectively,
carbamate (RNH—C(O)—OR') or urea (RNH—C(O)—
NHR') linkages. Aldehydes, ketones, glyoxals, diones and
their hydrates or alcohol adducts (i.e. aldehyde hydrate, hemi-
acetal, acetal, ketone hydrate, hemiketal, and ketal) are pref-
erably reacted with amines, followed by reduction of the
resulting imine, if desired, to provide an amine linkage (re-
ductive amination).

Several of the electrophilic functional groups include elec-
trophilic double bonds to which nucleophilic groups, such as
thiols, may be added, to form, for example, thioether bonds.
These groups include maleimides, vinyl sulfones, vinyl pyri-
dine, acrylates, methacrylates, and acrylamides. Other groups
comprise leaving groups which may be displaced by anucleo-
phile; these include chloroethyl sulfone, pyridyl disulfides
(which include a cleavable S—S bond), iodoacetamide,
mesylate, tosylate, thiosulfonate, and tresylate. Epoxides
react by ring opening by a nucleophile, to form, for example,
an ether or amine bond. Reactions involving complementary
reactive groups such as those noted above on the oligomer and
the small molecule are utilized to prepare the conjugates of
the invention.

In some instances the calcium channel blocker may not
have a functional group suited for conjugation. In this
instance, it is possible to modify the “original” calcium chan-
nel blocker so that it does have a functional group suited for
conjugation. For example, if the calcium channel blocker has
an amide group, but an amine group is desired, it is possible
to modify the amide group to an amine group by way of a
Hofmann rearrangement, Curtius rearrangement (once the
amide is converted to an azide) or Lossen rearrangement
(once amide is concerted to hydroxamide followed by treat-
ment with tolyene-2-sulfonyl chloride/base).

It is possible to prepare a conjugate of small molecule
calcium channel blocker bearing a carboxyl group wherein
the carboxyl group-bearing small molecule calcium channel
blocker is coupled to an amino-terminated oligomeric ethyl-
ene glycol, to provide a conjugate having an amide group
covalently linking the small molecule calcium channel
blocker to the oligomer. This can be performed, for example,
by combining the carboxyl group-bearing small molecule
calcium channel blocker with the amino-terminated oligo-
meric ethylene glycol in the presence of a coupling reagent,
(such as dicyclohexylcarbodiimide or “DCC”) in an anhy-
drous organic solvent.
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Further, it is possible to prepare a conjugate of a small
molecule calcium channel blocker bearing a hydroxyl group
wherein the hydroxyl group-bearing small molecule calcium
channel blocker is coupled to an oligomeric ethylene glycol
halide to result in an ether (—O—) linked small molecule
conjugate. This can be performed, for example, by using
sodium hydride to deprotonate the hydroxyl group followed
by reaction with a halide-terminated oligomeric ethylene gly-
col.

In another example, it is possible to prepare a conjugate of
a small molecule calcium channel blocker bearing a ketone
group by first reducing the ketone group to form the corre-
sponding hydroxyl group. Thereafter, the small molecule cal-
cium channel blocker now bearing a hydroxyl group can be
coupled as described herein.

In still another instance, it is possible to prepare a conjugate
of a small molecule calcium channel blocker bearing an
amine group. In one approach, the amine group-bearing small
molecule calcium channel blocker and an aldehyde-bearing
oligomer are dissolved in a suitable buffer after which a
suitable reducing agent (e.g., NaCNBH,;) is added. Following
reduction, the result is an amine linkage formed between the
amine group of the amine group-containing small molecule
calcium channel blocker and the carbonyl carbon of the alde-
hyde-bearing oligomer.

In another approach for preparing a conjugate of a small
molecule calcium channel blocker bearing an amine group, a
carboxylic acid-bearing oligomer and the amine group-bear-
ing small molecule calcium channel blocker are combined, in
the presence of a coupling reagent (e.g., DCC). The result is
an amide linkage formed between the amine group of the
amine group-containing small molecule calcium channel
blocker and the carbonyl of the carboxylic acid-bearing oli-
gomer.

Exemplary conjugates of calcium channel blockers include
those encompassed by the following structure:

Formula Ic-a

R3*00C X—POLY

wherein (with respect to this Formula Ic-a):

R is hydrogen or lower alkyl;

R! and R? are each independently selected from the group
consisting of hydrogen, substituted lower alkyl, unsubstituted
lower alkyl, and —YOYNR®R’, where each Y is indepen-
dently lower alkylene and RS and R” are each independently
selected from group consisting of hydrogen, unsubstituted
lower alkyl, substituted lower alkyl, cycloalkyl, aryl and alky-
laryl;

R? is selected from the group consisting of hydrogen,
unsubstituted lower alkyl, substituted lower alkyl, and
—YNRCR’, whereY is lower alkylene and R® and R” are each
independently selected from group consisting of hydrogen,
unsubstituted lower alkyl, substituted lower alkyl, cycloalkyl,

aryl and alkylaryl;
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R® is independently selected from group consisting of
hydrogen, unsubstituted lower alkyl, substituted lower alkyl,
chloro, fluoro and nitro;

X is a spacer moiety; and

POLY is a water-soluble oligomer. Pharmaceutically
acceptable salts of the compounds are also contemplated.
Optionally, the compound can be combined with a pharma-
ceutically acceptable excipient to form a composition.

Additional exemplary conjugates of calcium channel
blockers include those encompassed by the following struc-
ture:

Formula Ie-b

R300C COO—X—POLY

wherein (with respect to this Formula Ic-b):

R is hydrogen or lower alkyl;

R' and R? are each independently selected from the group
consisting of hydrogen, substituted lower alkyl, unsubstituted
lower alkyl, and —YOYNRO®R’, where each Y is indepen-
dently lower alkylene and RS and R” are each independently
selected from group consisting of hydrogen, unsubstituted
lower alkyl, substituted lower alkyl, cycloalkyl, aryl and alky-
laryl;

R? is selected from the group consisting of hydrogen,
unsubstituted lower alkyl, substituted lower alkyl, and
—YNRCR’, whereY is lower alkylene and R® and R” are each
independently selected from group consisting of hydrogen,
unsubstituted lower alkyl, substituted lower alkyl, cycloalkyl,
aryl and alkylaryl;

R® is independently selected from group consisting of
hydrogen, unsubstituted lower alkyl, substituted lower
alkyl, chloro, fluoro and nitro;

X is a spacer moiety; and

POLY is a water-soluble oligomer. Pharmaceutically
acceptable salts of the compounds are also contemplated.
Optionally, the compound can be combined with a pharma-
ceutically acceptable excipient to form a composition.

Still further exemplary conjugates of calcium channel
blockers include those encompassed by the following struc-
ture:

Formula Ie-c

POLY—X X—POLY

Rr!
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wherein (with respect to this Formula Ic-c¢):

R is hydrogen or lower alkyl;

R! and R? are each independently selected from the group
consisting of hydrogen, substituted lower alkyl, unsubstituted
lower alkyl, and —YOYNRO®R’, where each Y is indepen-
dently lower alkylene and RS and R” are each independently
selected from group consisting of hydrogen, unsubstituted
lower alkyl, substituted lower alkyl, cycloalkyl, aryl and alky-
laryl;

R? is selected from the group consisting of hydrogen,
unsubstituted lower alkyl, substituted lower alkyl, and
—YNRCR’, whereY is lower alkylene and R® and R” are each
independently selected from group consisting of hydrogen,
unsubstituted lower alkyl, substituted lower alkyl, cycloalkyl,
aryl and alkylaryl;

R’ is independently selected from group consisting of
hydrogen, unsubstituted lower alkyl, substituted lower alkyl,
chloro, fluoro and nitro;

each X is independently a spacer moiety; and

each POLY is independently a water-soluble oligomer.
Pharmaceutically acceptable salts of the compounds are also
contemplated. Optionally, the compound can be combined
with a pharmaceutically acceptable excipient to form a com-
position.

Still further exemplary conjugates of calcium channel
blockers include those encompassed by the following struc-
ture:

Formula Ie-d

POLY—X—00C COO—X—POLY

wherein (with respect to this Formula Ic-d):

R is hydrogen or lower alkyl;

R! and R? are each independently selected from the group
consisting of hydrogen, substituted lower alkyl, unsubstituted
lower alkyl, and —YOYNR®R’, where each Y is indepen-
dently lower alkylene and R® and R” are each independently
selected from group consisting of hydrogen, unsubstituted
lower alkyl, substituted lower alkyl, cycloalkyl, aryl and alky-
laryl;

R? is selected from the group consisting of hydrogen,
unsubstituted lower alkyl, substituted lower alkyl, and
—YNRCR’, whereY is lower alkylene and R® and R” are each
independently selected from group consisting of hydrogen,
unsubstituted lower alkyl, substituted lower alkyl, cycloalkyl,
aryl and alkylaryl;

R’ is independently selected from group consisting of
hydrogen, unsubstituted lower alkyl, substituted lower alkyl,
chloro, fluoro and nitro;

each X is independently a spacer moiety; and

each POLY is independently a water-soluble oligomer.
Pharmaceutically acceptable salts of the compounds are also
contemplated. Optionally, the compound can be combined
with a pharmaceutically acceptable excipient to form a com-
position.
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Exemplary conjugates of calcium channel blockers include
those encompassed by the following structure:

Formula Ic-e

R300C

wherein (with respect to this Formula Ic-e):

R is hydrogen or lower alkyl;

R! is selected from the group consisting of hydrogen, sub-
stituted lower alkyl, unsubstituted lower alkyl and
—YOYNRSR’, where each Y is independently lower alky-
lene and R® and R” are each independently selected from
group consisting of hydrogen, unsubstituted lower alkyl, sub-
stituted lower alkyl, cycloalkyl, aryl and alkylaryl

R? and R* are independently selected from the group con-
sisting of hydrogen, unsubstituted lower alkyl, substituted
lower alkyl, and —YNR®R’, where Y is lower alkylene and
R® and R’ are each independently selected from group con-
sisting of hydrogen, unsubstituted lower alkyl, substituted
lower alkyl, cycloalkyl, aryl and alkylaryl;

R’ is independently selected from group consisting of
hydrogen, unsubstituted lower alkyl, substituted lower alkyl,
chloro, fluoro and nitro;

X is a spacer moiety; and

POLY is a water-soluble oligomer. Pharmaceutically
acceptable salts of the compounds are also contemplated.
Optionally, the compound can be combined with a pharma-
ceutically acceptable excipient to form a composition.

Exemplary conjugates of calcium channel blockers include
those encompassed by the following structure:

Formula Ie-f

R300C COOR*

Y—O—Y—X—POLY

wherein (with respect to this Formula Ic-1):

R is hydrogen or lower alkyl;

R! is selected from the group consisting of hydrogen, sub-
stituted lower alkyl, unsubstituted lower alkyl and
—YOYNRSR’, where each Y is independently lower alky-
lene and R® and R” are each independently selected from
group consisting of hydrogen, unsubstituted lower alkyl, sub-
stituted lower alkyl, cycloalkyl, aryl and alkylaryl;

each Y is independently lower alkylene;

R? and R* are independently selected from the group con-
sisting of hydrogen, unsubstituted lower alkyl, substituted
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lower alkyl, and —YNRER”, where Y is lower alkylene and
R® and R are each independently selected from group con-
sisting of hydrogen, unsubstituted lower alkyl, substituted
lower alkyl, cycloalkyl, aryl and alkylaryl;

R’ is independently selected from group consisting of
hydrogen, unsubstituted lower alkyl, substituted lower alkyl,
chloro, fluoro and nitro;

X is a spacer moiety; and

POLY is a water-soluble oligomer.

Pharmaceutically acceptable salts of the compounds are
also contemplated. Optionally, the compound can be com-
bined with a pharmaceutically acceptable excipient to form a
composition.

Exemplary conjugates of calcium channel blockers include
those encompassed by the following structure:

Formula Ie-g

R3*00C

Rr!

wherein (with respect to this Formula Ic-g):

R is hydrogen or lower alkyl;

R! is selected from the group consisting of hydrogen, sub-
stituted lower alkyl, unsubstituted lower alkyl and
—YOYNRCR’, where each Y is independently lower alky-
lene and R® and R” are each independently selected from
group consisting of hydrogen, unsubstituted lower alkyl, sub-
stituted lower alkyl, cycloalkyl, aryl and alkylaryl;

eachY is independently lower alkylene;

R? and R* are independently selected from the group con-
sisting of hydrogen, unsubstituted lower alkyl, substituted
lower alkyl, and —YNRER”, where Y is lower alkylene and
R® and R’ are each independently selected from group con-
sisting of hydrogen, unsubstituted lower alkyl, substituted
lower alkyl, cycloalkyl, aryl and alkylaryl;

R’ is independently selected from group consisting of
hydrogen, unsubstituted lower alkyl, substituted lower alkyl,
chloro, fluoro and nitro;

R is selected from group consisting of hydrogen, unsub-
stituted lower alkyl, substituted lower alkyl, cycloalkyl, aryl
and alkylaryl;

X is a spacer moiety; and

POLY is a water-soluble oligomer. Pharmaceutically
acceptable salts of the compounds are also contemplated.
Optionally, the compound can be combined with a pharma-
ceutically acceptable excipient to form a composition.

The conjugates of the invention can exhibit a reduced
blood-brain barrier crossing rate. Moreover, the conjugates
maintain at least about 5%, 10%, 20%, 30%, 40%, 50%, 60%,
70%, or more of the bioactivity of the unmodified parent
small molecule drug.

The selection of an optimally sized oligomer can be deter-
mined as follows.

First, an oligomer (preferably obtained from a monodis-
perse or bimodal water soluble oligomer) is conjugated to the
small molecule drug. Preferably, the drug is orally bioavail-
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able, and on its own in unmodified form, exhibits a blood-
brain barrier crossing rate. Next, the ability of the conjugate to
cross the blood-brain barrier is determined using an appro-
priate model and compared to that of the unmodified parent
drug. If the results are favorable, that is to say, if, for example,
the rate of crossing is significantly reduced, then the bioac-
tivity of conjugate is further evaluated. In one or more
embodiments, the drug in conjugated form can be bioactive,
and preferably, maintains a significant degree of bioactivity
relative to the parent drug, i.e., greater than about 30% of the
bioactivity of the parent drug, or even more preferably,
greater than about 50% of the bioactivity of the parent drug.

Then, the above steps are repeated using oligomers of the
same monomer type but having a different number of sub-
units.

For each conjugate whose ability to cross the blood-brain
barrier is reduced in comparison to the non-conjugated small
molecule drug, its oral bioavailability is then assessed. Based
upon these results of sequential addition of increasing num-
bers of discrete monomers to a given small molecule at a
given position or location within the small molecule, it is
possible to determine the size of the oligomer effective in
providing a conjugate having an optimal balance between
reduction in biological membrane crossing, oral bioavailabil-
ity, and bioactivity. The small size of the oligomers may make
such screenings feasible, and may allow one to effectively
tailor the properties of the resulting conjugate. By making
small, incremental changes in oligomer size, and utilizing an
experimental design approach, one can effectively identify a
conjugate having a favorable balance of reduction in biologi-
cal membrane crossing rate, bioactivity, and oral bioavailabil-
ity. In some instances, attachment of an oligomer as described
herein is effective to actually increase oral bioavailability of
the drug.

For example, one of ordinary skill in the art, using routine
experimentation, may determine a best suited molecular size
and linkage for improving oral bioavailability by first prepar-
ing a series of oligomers with different weights and functional
groups and then obtaining the necessary clearance profiles by
administering the conjugates to a patient and taking periodic
blood and/or urine sampling. Once a series of clearance pro-
files have been obtained for each tested conjugate, a suitable
conjugate can be identified.

Animal models (rodents and dogs) may also be used to
study oral drug transport. In addition, non-in vivo methods
include rodent everted gut excised tissue and Caco-2 cell
monolayer tissue-culture models. These models are useful in
predicting oral drug bioavailability.

The ability of the compounds to inhibit the movement of
calcium into the cell is shown by their effectiveness in reduc-
ing the response of isolated heart tissue to an increase in
calcium ion concentration in vitro. The test is performed by
mounting spirally cut strips of rat aorta with one end fixed and
the other attached to a force transducer. The tissue is
immersed in a bath of physiological saline solution contain-
ing potassium ions at a concentration of 45 millimolar and no
calcium. Calcium chloride is added to the bath with a pipette
to give a final calcium ion concentration of 2 millimolar. The
change in tension caused by the resulting contraction of the
tissue is noted. The bath is drained and replaced with fresh
saline solution and, after 45 minutes, the test is repeated with
the particular compound under test present in the saline solu-
tion. The concentration of compound required to reduce the
response by 50% is recorded.
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The antihypertensive activity of the compounds is also
evaluated after oral administration by measuring the fall in
blood pressure in spontaneously hypertensive rats or renally
hypertensive dogs.

Alternately, the antihypertensive effect of the compounds
may be tested in conscious, unrestrained spontaneously
hypertensive rats (SHR) of the Okamoto strain. The animals
may be prepared by prior implantation of indwelling cath-
eters in the abdominal aorta via the femoral artery. Mean
arterial blood pressure (MABP) and heart rate are continu-
ously monitored. After a 2 hour control period the compound
under study is administered by oral intubation at 2 hour inter-
vals, suspended in METHOCEL solution (5 ml/kg body-
weight). The cumulated doses are 1, 5 and 25 pmoles/kg
bodyweight. The antihypertensive response, i.e. the BP
reduction to each dose, is expressed as a percentage of the
initial control BP level and plotted against the dose on a
logarithmic scale. The dose which would give 20 percent BP
reduction is then determined by interpolation.

The specificity towards smooth muscle relaxation is exam-
ined as follows: The isolated portal vein preparation of Wistar
rats is mounted in an organ bath together with a paced isolated
papillary heart muscle preparation of the same animal. The
integrated contractile activity of the portal vein smooth
muscle and the peak force amplitude of the papillary, myo-
cardial, preparation are recorded. The respective activities
during a 30 min control period are set as 100 percent and the
ensuing activities under the influence of an agent under study
are expressed as a percentage thereof. The agent is
administered at 10 min intervals and the potency for vasodi-
latation (-log EDs, of portal vein) and that of myocardial
depression (-log ED, of papillary muscle) are determined by
interpolation from the concentration-effect relationships
determined in each experiment. A “separation” value is deter-
mined for each compound by averaging the differences of the
-log ED,, values for vasodilatation and myocardial depres-
sion, respectively, obtained in the experiments. This logarith-
mic separation value is transformed into numeric format.

The present invention also includes pharmaceutical prepa-
rations comprising a conjugate as provided herein in combi-
nation with a pharmaceutical excipient. Generally, the con-
jugate itself may be in a solid form (e.g., a precipitate), which
may be combined with a suitable pharmaceutical excipient
that may be in either solid or liquid form.

Exemplary excipients include, without limitation, those
selected from the group consisting of carbohydrates, inor-
ganic salts, antimicrobial agents, antioxidants, surfactants,
buffers, acids, bases, and combinations thereof.

A carbohydrate such as a sugar, a derivatized sugar such as
an alditol, aldonic acid, an esterified sugar, and/or a sugar
polymer may be present as an excipient. Specific carbohy-
drate excipients include, for example: monosaccharides, such
as fructose, maltose, galactose, glucose, D-mannose, sorbose,
and the like; disaccharides, such as lactose, sucrose, treha-
lose, cellobiose, and the like; polysaccharides, such as raffi-
nose, melezitose, maltodextrins, dextrans, starches, and the
like; and alditols, such as mannitol, xylitol, maltitol, lactitol,
xylitol, sorbitol (glucitol), pyranosyl sorbitol, myoinositol,
and the like.

The excipient may also include an inorganic salt or buffer
such as citric acid, sodium chloride, potassium chloride,
sodium sulfate, potassium nitrate, sodium phosphate
monobasic, sodium phosphate dibasic, and combinations
thereof.

The preparation may also include an antimicrobial agent
for preventing or deterring microbial growth. Nonlimiting
examples of antimicrobial agents suitable for the present
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invention include benzalkonium chloride, benzethonium
chloride, benzyl alcohol, cetylpyridinium chloride, chlorobu-
tanol, phenol, phenylethyl alcohol, phenylmercuric nitrate,
thimersol, and combinations thereof.

An antioxidant may be present in the preparation as well.
Antioxidants are used to prevent oxidation, thereby prevent-
ing the deterioration of the conjugate or other components of
the preparation. Suitable antioxidants for use in the present
invention include, for example, ascorbyl palmitate, butylated
hydroxyanisole, butylated hydroxytoluene, hypophospho-
rous acid, monothioglycerol, propyl gallate, sodium bisulfite,
sodium formaldehyde sulfoxylate, sodium metabisulfite, and
combinations thereof.

A surfactant may be present as an excipient. Exemplary
surfactants include: polysorbates, such as “TWEEN 20” and
“TWEEN 80,” and PLURONICs such as F68 and F88 (both
of which are available from BASF, Mount Olive, N.J.); sor-
bitan esters; lipids, such as phospholipids such as lecithin and
other phosphatidylcholines, phosphatidylethanolamines (al-
though preferably not in liposomal form), fatty acids and fatty
esters; steroids, such as cholesterol; and chelating agents,
such as EDTA, zinc and other such suitable cations.

Acids or bases may be present as an excipient in the prepa-
ration. Nonlimiting examples of acids that may be used
include those acids selected from the group consisting of
hydrochloric acid, acetic acid, phosphoric acid, citric acid,
malic acid, lactic acid, formic acid, trichloroacetic acid, nitric
acid, perchloric acid, phosphoric acid, sulfuric acid, fumaric
acid, and combinations thereof. Examples of suitable bases
include, without limitation, bases selected from the group
consisting of sodium hydroxide, sodium acetate, ammonium
hydroxide, potassium hydroxide, ammonium acetate, potas-
sium acetate, sodium phosphate, potassium phosphate,
sodium citrate, sodium formate, sodium sulfate, potassium
sulfate, potassium fumerate, and combinations thereof.

The amount of the conjugate in the composition may vary
depending on a number of factors, but may optimally be a
therapeutically effective dose when the composition is stored
in a unit dose container. A therapeutically effective dose may
be determined experimentally by repeated administration of
increasing amounts of the conjugate in order to determine
which amount produces a clinically desired endpoint.

The amount of any individual excipient in the composition
may vary depending on the activity of the excipient and
particular needs of the composition. The optimal amount of
any individual excipient is determined through routine
experimentation, i.e., by preparing compositions containing
varying amounts of the excipient (ranging from low to high),
examining the stability and other parameters, and then deter-
mining the range at which optimal performance is attained
with no significant adverse effects.

The excipient may be present in the composition in an
amount of about 1% to about 99% by weight, preferably from
about 5%-98% by weight, more preferably from about
15-95% by weight of the excipient, with concentrations less
than 30% by weight more preferred.

These foregoing pharmaceutical excipients along with
other excipients are described in “Remington: The Science &
Practice of Pharmacy”, 197 ed., Williams & Williams,
(1995), the “Physician’s Desk Reference”, 52" ed., Medical
Economics, Montvale, N.J. (1998), and Kibbe, A. H., Hand-
book of Pharmaceutical Excipients, 3’ Edition, American
Pharmaceutical Association, Washington, D.C., 2000.

The pharmaceutical compositions may take any number of
forms and the invention is not limited in this regard. Exem-
plary preparations are more preferably in a form suitable for
oral administration such as a tablet, caplet, capsule, gel cap,
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troche, dispersion, suspension, solution, elixir, syrup, loz-
enge, transdermal patch, spray, suppository, and powder.

Oral dosage forms are preferred for those conjugates that
are orally active, and include tablets, caplets, capsules, gel
caps, suspensions, solutions, elixirs, and syrups, and may also
comprise a plurality of granules, beads, powders or pellets
that are optionally encapsulated. Such dosage forms are pre-
pared using conventional methods known to those in the field
of pharmaceutical formulation and described in the pertinent
texts.

Tablets and caplets, for example, may be manufactured
using standard tablet processing procedures and equipment.
Direct compression and granulation techniques are preferred
when preparing tablets or caplets containing the conjugates
described herein. In addition to the conjugate, the tablets and
caplets may generally contain inactive, pharmaceutically
acceptable carrier materials such as binders, lubricants, dis-
integrants, fillers, stabilizers, surfactants, coloring agents,
and the like. Binders are used to impart cohesive qualities to
atablet, and thus ensure that the tablet remains intact. Suitable
binder materials include, but are not limited to, starch (includ-
ing corn starch and pregelatinized starch), gelatin, sugars
(including sucrose, glucose, dextrose and lactose), polyeth-
ylene glycol, waxes, and natural and synthetic gums, e.g.,
acacia sodium alginate, polyvinylpyrrolidone, cellulosic
polymers (including hydroxypropyl cellulose, hydroxypro-
pyl methylcellulose, methyl cellulose, microcrystalline cel-
Iulose, ethyl cellulose, hydroxyethyl cellulose, and the like),
and VEEGUM. Lubricants are used to facilitate tablet manu-
facture, promoting powder flow and preventing particle cap-
ping (i.e., particle breakage) when pressure is relieved. Useful
lubricants are magnesium stearate, calcium stearate, and
stearic acid. Disintegrants are used to facilitate disintegration
of the tablet, and are generally starches, clays, celluloses,
algins, gums, or crosslinked polymers. Fillers include, for
example, materials such as silicon dioxide, titanium dioxide,
alumina, talc, kaolin, powdered cellulose, and microcrystal-
line cellulose, as well as soluble materials such as mannitol,
urea, sucrose, lactose, dextrose, sodium chloride, and sorbi-
tol. Stabilizers, as well known in the art, are used to inhibit or
retard drug decomposition reactions that include, by way of
example, oxidative reactions.

Capsules are also preferred oral dosage forms, in which
case the conjugate-containing composition may be encapsu-
lated in the form of a liquid or gel (e.g., in the case of a gel cap)
or solid (including particulates such as granules, beads, pow-
ders or pellets). Suitable capsules include hard and soft cap-
sules, and are generally made of gelatin, starch, or a cellulosic
material. Two-piece hard gelatin capsules are preferably
sealed, such as with gelatin bands or the like.

Included are parenteral formulations in the substantially
dry form (as a lyophilizate or precipitate, which may be in the
form of a powder or cake), as well as formulations prepared
for injection, which are liquid and requires the step of recon-
stituting the dry form of parenteral formulation. Examples of
suitable diluents for reconstituting solid compositions prior to
injection include bacteriostatic water for injection, dextrose
5% in water, phosphate-buffered saline, Ringer’s solution,
saline, sterile water, deionized water, and combinations
thereof.

In some cases, compositions intended for parenteral
administration may take the form of nonaqueous solutions,
suspensions, or emulsions, each being sterile. Examples of
nonaqueous solvents or vehicles are propylene glycol, poly-
ethylene glycol, vegetable oils, such as olive oil and corn oil,
gelatin, and injectable organic esters such as ethyl oleate.
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The parenteral formulations described herein may also
contain adjuvants such as preserving, wetting, emulsitying,
and dispersing agents. The formulations are rendered sterile
by incorporation of a sterilizing agent, filtration through a
bacteria-retaining filter, irradiation, or heat.

The conjugate may also be administered through the skin
using conventional transdermal patch or other transdermal
delivery system, wherein the conjugate is contained within a
laminated structure that serves as a drug delivery device to be
affixed to the skin. In such a structure, the conjugate is con-
tained in a layer, or “reservoir,” underlying an upper backing
layer. The laminated structure may contain a single or mul-
tiple reservoirs.

The conjugate may also be formulated into a suppository
for rectal administration. With respect to suppositories, the
conjugate is mixed with a suppository base material which is
(e.g., an excipient that remains solid at room temperature but
softens, melts or dissolves at body temperature) such as coca
butter (theobroma oil), polyethylene glycols, glycerinated
gelatin, fatty acids, and combinations thereof. Suppositories
may be prepared by, for example, performing the following
steps (not necessarily in the order presented): melting the
suppository base material to form a melt; incorporating the
conjugate (either before or after melting of the suppository
base material); pouring the melt into a mold; cooling the melt
(e.g., placing the melt-containing mold in a room temperature
environment) to thereby form suppositories; and removing
the suppositories from the mold.

The invention also provides a method for administering a
conjugate as provided herein to a patient suffering from a
condition that is responsive to treatment with the conjugate.
The method comprises administering, generally orally, a
therapeutically effective amount of the conjugate (preferably
provided as part of a pharmaceutical preparation). Other
modes of administration are also contemplated, such as pul-
monary, nasal, buccal, rectal, sublingual, transdermal, and
parenteral. As used herein, the term “parenteral” includes
subcutaneous, intravenous, intra-arterial, intraperitoneal, int-
racardiac, intrathecal, and intramuscular injection, as well as
infusion injections.

In instances where parenteral administration is utilized, it
may be necessary to employ somewhat bigger oligomers than
those described previously, with molecular weights ranging
from about 500 to 30K Daltons (e.g., having molecular
weights of about 500, 1000, 2000, 2500, 3000, 5000, 7500,
10000, 15000, 20000, 25000, 30000 or even more).

The method may be used to treat any condition that may be
remedied or prevented by administration of the particular
conjugate. Those of ordinary skill in the art appreciate which
conditions a specific conjugate may effectively treat. The
actual dose to be administered may vary depend upon the age,
weight, and general condition of the subject as well as the
severity of the condition being treated, the judgment of the
health care professional, and conjugate being administered.
Therapeutically effective amounts are known to those skilled
in the art and/or are described in the pertinent reference texts
and literature. Generally, a therapeutically effective amount
may range from about 0.001 mg to 1000 mg, preferably in
doses from 0.01 mg/day to 750 mg/day, and more preferably
in doses from 0.10 mg/day to 500 mg/day.

The unit dosage of any given conjugate may be adminis-
tered in a variety of dosing schedules depending on the judg-
ment of the clinician, needs of the patient, and so forth. The
specific dosing schedule may be known by those of ordinary
skill in the art or may be determined experimentally using
routine methods. Exemplary dosing schedules include, with-
out limitation, administration five times a day, four times a
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day, three times a day, twice daily, once daily, three times
weekly, twice weekly, once weekly, twice monthly, once
monthly, and any combination thereof. Once the clinical end-
point has been achieved, dosing of the composition is halted.

One advantage of administering the conjugates of the
present invention is that a reduction in first pass metabolism
may be achieved relative to the parent drug. Such a result is
advantageous for many orally administered drugs that are
substantially metabolized by passage through the gut. In this
way, clearance of the conjugate can be modulated by select-
ing the oligomer molecular size, linkage, and position of
covalent attachment providing the desired clearance proper-
ties. One of ordinary skill in the art can determine the ideal
molecular size of the oligomer based upon the teachings
herein. Preferred reductions in first pass metabolism for a
conjugate as compared to the corresponding nonconjugated
small drug molecule include: at least about 10%, at least
about 20%, at least about 30; at least about 40; at least about
50%; at least about 60%, at least about 70%, at least about
80% and at least about 90%.

Thus, the invention provides a method for reducing the
metabolism of an active agent. The method comprises the
steps of: providing monodisperse or bimodal conjugates,
each conjugate comprised of a moiety derived from a small
molecule drug covalently attached by a stable linkage to a
water-soluble oligomer, wherein said conjugate exhibits a
reduced rate of metabolism as compared to the rate of
metabolism of the small molecule drug not attached to the
water-soluble oligomer; and administering the conjugate to a
patient. Typically, administration is carried out via one type of
administration selected from the group consisting of oral
administration, transdermal administration, buccal adminis-
tration, transmucosal administration, vaginal administration,
rectal administration, parenteral administration, and pulmo-
nary administration.

All articles, books, patents, patent publications and other
publications referenced herein are incorporated by reference
in their entireties.

EXPERIMENTAL

It is to be understood that while the invention has been
described in conjunction with certain preferred and specific
embodiments, the foregoing description as well as the
examples that follow are intended to illustrate and not limit
the scope of the invention. Other aspects, advantages and
modifications within the scope of the invention will be appar-
ent to those skilled in the art to which the invention pertains.

All chemical reagents referred to in the appended examples
are commercially available unless otherwise indicated. The
preparation of PEG-mers is described in, for example, U.S.
Patent Application Publication No. 2005/0136031.

AIINMR (nuclear magnetic resonance) data was generated
by a300 MHz NMR spectrometer manufactured by Bruker. A
list of certain compounds as well as the source of the com-
pounds is provided below.

Example 1

Synthesis of PEG-Nifedipine—“Approach A”

PEG-Nifedipine was prepared using a first approach. Sche-
matically, the approach followed for this example is shown
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below (compound numbers in bold in the schematic corre-
spond to the compound numbers provided in the text of this
Example 1 alone).

Synthesis of PEG-Nifedipine—“Approach A”
Schematic

+ CH3OCHCH,);0H —»
CH;CCH,COCH,CH;

10
NO, and NH,OAc
15
CHO
CH;CCH,CO(CH,CH,0);CH; MeOH
1
20
NO,
CHy(OCH,CH,);0C COCILCIL,O0CH; 2
H,C N CH;
}ll 30
2
Synthesis of methyl tri(ethylene glycol)acetoacetate
1 35

Tri(ethylene glycol)monomethyl ether (8.2 g, 50 mmol)

,200 B2
40

C. for three hours and then ethanol and the excess ethyl
acetoacetate were distilled out at 160° C. by reduced pressure
distillation. The product (1) (11.16 g, yield 90%) is pure by
NMR and used directly for the next step. 'H NMR (CDCI3):
84.30 (t, 2H), 3.73-3.53 (m, 10H), 3.48 (s, 2H), 3.38 (s, 3H),
2.27 (s, 3H).

Synthesis of 2,6-dimethyl 4-(2-nitrophenyl)-1,4-
dihydropyridine-3,5-dicarboxylic acid dimethoxy
tri(ethylene glycol)ester (“di-mPEG;-nifedipine”)

)

Methyl tri(ethylene glycol)acetoacetate (1) (496 mg, 2.0
mmol), 2-nitrobenzylaldehyde (151 mg, 1.0 mmol), and
ammonium acetate (77 mg, 1.0 mmol) were dissolved in
methanol (10 ml). The reaction was heated to reflux for two
days. The solvent was evaporated and the residue was sub-
jected to  flash  chromatography  (acetone/ethyl
acetate=2%~4%) to obtain compound (2) (45 mg, yield 8%).
'HNMR (CDCI3): $7.72 (d, 1H), 7.51-7.45 (m, 2H), 7.26 (d,
1H), 5.90 (s, 1H), 5.84 (s, 1H), 4.27-4.21 (m, 2H), 4.10-4.05
(m, 2H), 3.66-3.52 (m, 20H), 3.38 (s, 6H), 2.32 (s, 6H).
LC/MS: 628 [M+NH,]*, 633 [M+Na]™.

Example 2

Synthesis of PEG-Nifedipine—“Approach B”
Schematic

PEG-Nifedipine was prepared using a second approach.
Schematically, the approach followed for this example is
shown below (compound numbers in bold in the schematic
correspond to the compound numbers provided in the text of
this Example 2 alone).

Synthesis of PEG-Nifedipine—“Approach B”

and ethyl acetoacetate (9.75 g, 75 mmol) were heated to 180° Schematic
0 0 NH,OH NH,
CH;3(CH),(OCH,CH;),0H ——» s i
CH;CCH,CO(CH,CH,O)(CH,),,CH; CH;C=CCO(CH,CH,0)(CH,),CH;
3a-c da-c
+ — NO,
CH;CCH,CO(CH,CH,0)5(CH,),CHz NO,
CH
3a-c CHO
O(CH,CH,0),(CHy),,CH;
O O
Sa-c
NO,
CH NH, O
O(CH,CH,0),(CHy),,CH; CH;C——=CCO(CH,CH,0),(CH,),CH;
da-c
O O

wherein n =

0 for"a,” n=3 for"b," n=>5 for "¢"
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-continued
NO,
(€]
(6]
CH;3(CH,),(OCH,CH,),0C CO(CH,CH,0)2(CH,),,CHs
H,C lel CH;
H
6a-c
Synthesis of methyl di(ethylene glycol)acetoacetate subjected to flash chromatography (acetone/ethyl

(a)

Di(ethylene glycol)monomethyl ether (6.0 g, 50 mmol)
and ethyl acetoacetate (9.75 g, 75 mmol) were heated to 180°
C. for 3 hours and then ethanol and the excess ethyl acetoac-
etate were distilled out at 160° C. by reduced pressure distil-
lation. The product (3a) (9.2 g, yield 90%) is pure by NMR
and used directly for the next step. 'H NMR (CDCI3): § 4.30
(t, 2H), 3.69 (t, 2H), 3.60 (t, 2H), 3.52 (1, 2H), 3.46 (s, 2H),
3.35 (s, 3H), 2.25 (s, 3H).

Synthesis of methyl di(ethylene
glycol)3-aminocrotonate (4a)

Methyl di(ethylene glycol)acetoacetate (3a) (1.02 g, 5.0
mmol), ammonium hydroxide (0.78 ml, 6.0 mmol), and silica
gel powder (60 mg) were mixed at room temperature. The
reaction mixture was stirred at room temperature overnight.
The solid was filtered off and the solvent was evaporated
under reduced pressure. Toluene (20 ml) was added and dis-
tilled. The product (4a) (1.0 g, yield 99%) is pure by NMR and
used directly for the next step. 'H NMR (CDCI3): 8 4.58 (s,
1H), 4.22 (t, 2H), 3.74 (t, 2H), 3.67 (t, 2H), 3.40 (s, 3H), 1.91
(s, 3H).

Synthesis of methyl di(ethylene
glycol)2-(2-nitrobenzylidene)acetoacetate (5a)

Methyl di(ethylene glycol)acetoacetate (3a) (1.02 g, 5.0
mmol) and 2-nitrobenzylaldehyde (811 mg, 5.4 mmol) were
dissolved in isopropyl alcohol (3 mL). Then, a mixture of
dimethylamine (96.9 mg) and acetic acid (12.36 mg) was
added. The reaction solution was stirred at 40° C. overnight.
The solvent was evaporated by reduced pressure. The residue
was subjected to flash chromatography (ethyl acetate/hex-
anes=50%~75%) to obtain the product (5a) as a mixture of
geometric isomers (1.34 g, yield 80%). '"H NMR (CDCI3): §
8.25-8.23 (m, 1H), 8.22 (s, 1H), 7.60(d, 0.7H), 7.47 (d, 0.3H),
4.45 (1,0.6H),4.21 (t, 1.4H), 3.68-3.40 (m, 6H), 3.36 (s, 3H),
2.50 (s, 3H).

Synthesis of 2,6-dimethyl 4-(2-nitrophenyl)-1,4-
dihydropyridine-3,5-dicarboxylic acid dimethoxy
di(ethylene glycol)ester (6a)

Methyl di(ethylene glycol) 3-aminocrotonate (4a) (203
mg, 1.0 mmol) and methyl di(ethylene glycol) 2-(2-nitroben-
zylidene)acetoacetate (5a) (337 mg, 1.0 mmol) were dis-
solved in methanol (5 ml). The reaction was heated to reflux
for 30 hours. The solvent was evaporated and the residue was
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30

40

45

acetate=2%-4%) to obtain compound (6a) (309 mg, yield
56%). 'H NMR (CDCI3): 8 7.72 (d, 1H), 7.51-7.45 (m, 2H),
7.26 (d, 1H), 5.85 (s, 1H), 5.68 (s, 1H), 4.27-4.25 (m, 2H),
4.10-4.07 (m, 2H), 3.662-3.52 (m, 20H), 3.38 (s, 6H), 2.32 (s,
6H). LC/MS: 523 [M+H]*, 540 [M+NH,]*, 545 [M+Na]*,
561 [M+K]™".

Synthesis of butyl di(ethylene glycol)acetoacetate
(3b)

Di(ethylene glycol) butyl ether (16.2 g, 100 mmol) and
ethyl acetoacetate (19.5 g, 150 mmol) were heated to 180° C.
for three hours and then ethanol and the excess ethyl acetoac-
etate were distilled out at 160° C. by reduced pressure distil-
lation. The product (3b) (22.1 g, yield 90%) is pure by NMR
and used directly for the next step. 'H NMR (CDCI3): 8 4.23
(t, 2H), 3.65 (1, 2H), 3.56 (t, 2H), 3.51 (t, 2H), 3.40 (s, 2H),
3.38 (t, 2H), 2.20 (s, 3H), 1.46 (m, 2H), 1.30 (m, 2H), 0.84 (t,
3H).

Synthesis of butyl di(ethylene
glycol)3-aminocrotonate (4b)

Butyl di(ethylene glycol)acetoacetate (3b) (1.23 g, 5.0
mmol) and ammonium hydroxide (0.78 ml, 6.0 mmol), and
silica gel powder (60 mg) were mixed at room temperature.
The reaction mixture was stirred at room temperature over-
night. The solid was filtered off and the solvent was evapo-
rated under reduced pressure. Toluene (20 ml) was added and
distilled. The product (1.22 g, yield 99%) is pure by NMR and
used directly for the next step. 'H NMR (CDCI3): 8 4.58 (s,
1H), 4.23 (t, 2H), 3.74-3.59 (m, 6H), 3.49-3.45 (m, 2H), 1.92
(s, 3H), 1.58 (s, 2H), 1.35 (m, 2H), 0.93 (m, 3H).

Synthesis of methyl di(ethylene
glycol)2-(2-nitrobenzylidene)acetoacetate (5b)

Butyl di(ethylene glycol)acetoacetate (3b) (1.23 g, 5.0
mmol) and 2-nitrobenzylaldehyde (811 mg, 5.4 mmol) were
dissolved in isopropyl alcohol (3 mL). Then, a mixture of
dimethylamine (96.9 mg) and acetic acid (12.36 mg) was
added. The reaction solution was stirred at 40° C. overnight.
The solvent was evaporated by reduced pressure. The residue
was subjected to flash chromatography (ethyl acetate/hex-
anes=25%~40%) to obtain the product (5b) as a mixture of
geometric isomers (1.42 g, yield 75%). '"H NMR (CDCI3): §
8.25-8.23 (m, 1H), 8.22 (s, 1H), 7.69-7.51 (m, 2H), 7.48 (d,
0.7H), 7.28(d, 0.3 H),4.45 (t,0.6H), 4.21 (t, 1.4H), 3.82-3.60
(m, 6H), 3.42 (1, 21-1), 2.50 (s, 3H), 1.54 (m, 2H), 1.35 (m,
2H), 0.91 (m, 3H).
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Synthesis of 2,6-dimethyl 4-(2-nitrophenyl)-1,4-
dihydropyridine-3,5-dicarboxylic acid dibutoxy
di(ethylene glycol)ester (6b)

Butyl di(ethylene glycol) 3-aminocrotonate (4b) (245 mg,
1.0 mmol) and butyl di(ethylene glycol) 2-(2-nitroben-
zylidene)acetoacetate (5b) (379 mg, 1.0 mmol) were dis-
solved in methanol (5 ml). The reaction was heated to reflux
for three days. The solvent was evaporated and the residue
was subjected to flash chromatography (ethyl acetate/hex-
anes=25%~40%) to obtain compound (6b) (250 mg, yield
41%). "HNMR (CDCI3): 8 7.72 (d, 1H), 7.52-7.45 (m, 2H),
7.25 (d, 1H), 5.85 (s, 1H), 5.67 (s, 1H), 4.26-4.08 (m, 2H),
4.10-4.06 (m, 2H), 3.67-3.55 (m, 12H), 3.44 (t, 4H), 2.33 (s,
6H), 1.56 (m, 4H), 1.35 (m, 4H), 0.92 (t, 6H). LC/MS: 624
[M+NH,]".

Synthesis of hexyl di(ethylene glycol)acetoacetate
Be)

Di(ethylene glycol) hexyl ether (19.0 g, 100 mmol) and
ethyl acetoacetate (19.5 g, 150 mmol) were heated to 180° C.
for three hours and then ethanol and the excess ethyl acetoac-
etate were distilled out at 160° C. by reduced pressure distil-
lation. The product (3¢) (24.1 g, yield 90%) is pure by NMR
and used directly for the next step. 'H NMR (CDCI3): § 4.30
(t, 2H), 3.72 (t, 2H), 3.64 (t, 2H), 3.61 (1, 2H), 3.48 (s, 2H),
3.44 (1, 2H), 2.27 (s, 3H), 1.56 (m, 2H), 1.29 (m, 6H), 0.88 (1,
3H).

Synthesis of hexyl di(ethylene
glycol)3-aminocrotonate (4¢)

Hexyl di(ethylene glycol)acetoacetate (3¢) (1.37 g, 5.0
mmol) and ammonium hydroxide (0.78 ml, 6.0 mmol), and
silica gel powder (60 mg) were mixed at room temperature.
The reaction mixture was stirred at room temperature over-
night. The solid was filtered off and the solvent was evapo-
rated under reduced pressure. Toluene (20 ml) was added and
distilled. The product (1.36 g, yield 99%) is pure by NMR and
used directly for the next step. "H NMR (CDCI3): 8 4.59 (s,
1H), 4.23 (t, 2H), 3.75-3.47 (m, 6H), 3.49-3.45 (m, 2H), 1.92
(s, 3H), 1.62 (s, 2H), 1.31 (m, 6H), 0.90 (t, 3H).

Synthesis of hexyl di(ethylene
glycol)2-(2-nitrobenzylidene)acetoacetate (5¢)

Hexyl di(ethylene glycol)acetoacetate (3¢) (1.37 g, 5.0
mmol) and 2-nitrobenzylaldehyde (811 mg, 5.4 mmol) were
dissolved in IPA (3 mL). Then a mixture of dimethylamine
(96.9 mg) and acetic acid (12.36 mg) was added. The reaction
solution was stirred at 40° C. overnight. The solvent was
evaporated by reduced pressure. The residue was subjected to
flash chromatography (ethyl acetate/hexanes=25%~40%) to
obtain the product (5c) as a mixture of geometric isomers
(1.42 g, yield 75%). 'H NMR (CDCI3): 3 8.26-8.23 (m, 1H),
7.69-7.61 (m, 2H), 7.56 (d, 0.7H), 7.28 (d, 0.3H), 4.46 (t,
0.6H), 4.21 (t,1.4H),3.83-3.41 (m, 6H), 3.42 (t,3H), 2.51 (s,
3H), 1.57 (m, 2H), 1.31 (m, 6H), 0.90 (t, 3H).

Synthesis of 2,6-dimethyl 4-(2-nitrophenyl)-1,4-
dihydropyridine-3,5-dicarboxylic acid dihexoxy
di(ethylene glycol)Ester (6¢)

Hexyl di(ethylene glycol) 3-aminocrotonate (4¢) (273 mg,
1.0 mmol) and hexyl di(ethylene glycol) 2-(2-nitroben-
zylidene)acetoacetate (5c¢) (407 mg, 1.0 mmol) were dis-
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solved in methanol (5 ml). The reaction was heated to reflux
for three days. The solvent was evaporated and the residue
was subjected to flash chromatography (ethyl acetate/hex-
anes=25%~40%) to obtain compound (6¢) (220 mg, yield
33%). 'H NMR (CDCI3): § 7.73 (d, 1H), 7.54-7.45 (m, 2H),
7.25 (m, 1H), 5.85 (s, 1H), 5.72 (s, 1H), 4.28-4.07 (m, 2H),
4.12-4.05 (m, 2H), 3.67-3.43 (m, 12H), 3.40 (t, 4H), 2.32 (s,
6H), 1.63-1.52 (m, 4H), 1.37-1.29 (m, 12H), 0.89 (t, 6H).
LC/MS: 680 [M+NH,]*, 685 [M+Na]™.

Example 3
Calcium Channel Binding Assay

A calcium channel type L binding assay was performed
having the following characteristics: K, (binding
affinity)=0.20 nM; B, .. (receptor number): 166 fmol/mg tis-
sue (wet weight). In the assay, rat cortical membranes were
used as a receptor source and the radioligand [*H]|Nitren-
dipine (70-87 Ci/mmol) was used at a final ligand concentra-
tion of 0.2 nM. The non-specific determinant was nifedipine
(0.1 uM) and both the reference compound and positive con-
trol was nifedipine. The reactions were carried out in 50 mM
TRIS-HCI (pH 7.7) at 25° C. for 60 minutes. The reaction was
terminated by rapid vacuum filtration onto glass fiber filters.
Radioactivity trapped onto the filters was determined and
compared to control values in order to ascertain any interac-
tions of test compound with the nitredipine binding site
(Gould, Murphy, and Snyder. Molecular Pharmacology 25,
235-241 (1984)). In the assay: nifedipine exhibited an IC,,
1.7x107° and compound (2) from Example 1 had an ICs,, of
1.6x1077; nifedipine exhibited an ICs, 1.88x10~° and com-
pound (6a) from Example 2 had an IC, of 6.74x107%; nife-
dipine exhibited an IC5, 2.12x10~° and compound (6b) from
Example 2 had an IC,, of 1.55x10~%; nifedipine exhibited an
IC4, 1.77x107? and compound (6¢) from Example 2 had an
ICs, 0f 5.56x107%,

Example 4
Synthesis of PEG-Verapamil—“Approach A”

PEG-Verapamil was prepared using a first approach. Sche-
matically, the approach followed for this example is shown
below (compound numbers in bold in the schematic corre-
spond to the compound numbers provided in the text of this
Example 4 alone).

Synthesis of PEG-Verapamil—“Approach A”

Schematic
H;CO. OH
mPEG,— Br
—_—
K,CO;3, Acetone
HO
1
H3CO OH
MsCl
4o
~o0 DCM
2:n=3;3:n=5
4:n=6;5:n=7
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H;CO OMs
CH3NH,
—_—
/é O\A\ b
~0 TBAB
6:n=3;7:n=5
8:n=6;9:n=7
H;CO. %
3 ~
/Q O\A
n O
10:n=3;11:n=5
12:n=6;13:n=7
H3CO 1
CN
_———
BuLi/i-Pro,NH
H3CO
14
no”” >N p,
H3CO BuLi/i-Pro,NH
CN THF
H;CO
15
H3CO. OH DMSO
Oxalyl
CN Chloride
H3CO
16
H3CO.
CHO
CN
H3CO
17
g
OJ\/\ Br
BuLi/i-Pr,NH
14
-78° C., THF
CN
I
H;CO. 0
e ——_—
BuLi/i-Pr,NH
(0]
H3CO
18
H;CO. O Oxalic Acid
_—
CN
O
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-continued

H;CO H
CN
H;CO

17

ArCH,CH,NHMe

10 @m=3),
@3 Na(OAc);BH

11 (@=5),
12(@=6),
13@=7

H3CO N
CN

OCH;

o’é\/ O;n\

H;CO
20 (n=3),
21 (n=5),
2 (=6,
Bm=7)

In carrying out this synthesis, the following materials were
used. Homovanillyl alcohol, Aldrich, 99%, Cat. No. 148830-
10G, Batch No. 19516EO; potassium carbonate, Aldrich,
99%; triethylamine, Aldrich, 99.5%, Cat. No. 471283-500
ml, Batch No. 04623HD; methanesulfonyl chloride, Aldrich,
99.5%, Cat. No. 471259-500 mL, Batch No. 13209KC; 3,4-
dimethoxyphenylacetonitrile, Aldrich, Cat. No. 126349-
100G, Batch No. 08011BD; 2-iodopropane, Aldrich, 99%,
Cat. No. 148938-100G, Batch #, 03604DD; diisopropy-
lamine, redistilled, Aldrich, 99.95%, Cat. No. 386464-100
ml, Batch #00944TD; butyllithium, 1.6 M solution in hex-
anes, Aldrich, Cat. No. 186171-100 mL, Batch #20709PD;
3-bromo-1-propanol, Aldrich, 97%, Cat. No. 167169-25G,
Batch No. 0901DE; dichloromethane, Aldrich, Cat. No.
270997-2L, Batch #: 00434KD; sodium triacetoxyborohy-
dride, Aldrich, 95%, Cat. No. 316393-25G, Batch No.
07920LD; N, N-diisopropylethylamine, Aldrich, Cat. No.
387649-100 mL, Batch No. 06448PC.

Synthesis of mPEG;-homovanillyl alcohol (3)

H,CO OH

mPEGs— Br

K,CO3, Acetone
HO

1
H;CO OH
O
/9 \/i\o
3

A mixture of homovanillyl alcohol (1) (2.263 g, 13.32

mmol) and mPEG,-Br (5.1 g, 16.18 mmol) in acetone (50
mL) in the presence of potassium carbonate (9.28 g, 66.47
mmol) was heated to reflux for 21 hours. Based on the results
of HPLC, more of mPEGs-Br (0.9327 g, 2.96 mmol) was
added. The mixture was heated to reflux for another 23 hours.
The reaction mixture cooled to room temperature, filtered and
washed with acetone. The solvent was removed under
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reduced pressure to afford the crude product (3). Based on the
'H-NMR, some mPEG,-Br was contained in the crude mix-
ture. The mixture was used without purification for the next
step. 'H-NMR (CDCl,):  6.86-6.83 (m, 1 H), 6.73-6.70 (m,
2 H), 4.14 (t, J=4.8-5.7 Hz, 2 H), 3.86-3.80 (m, 7 H), 3.72-
3.69 (m, 2 H), 3.66-3.58 (m, 12 H), 3.54-3.50 (m, 2 H), 3.35
(s, 3 H), 2.79 (t, J=6.3-6.6 Hz, 2 H). LC-MS: 403.3 (MH"),
4253 (MNa*).

Synthesis of mPEG-homovanillyl mesylate (7)

H,CO OH
MsCl
/QO w\ TEA, DCM
5 O
3
H;CO OMs
P NN
~o
7

Triethylamine (4.0 ml, 28.55 mmol) was added to a stirred
solution of the above crude mPEGs-homovanillyl alcohol (3)
in DCM (40 mL) at room temperature. Methanesulfonyl chlo-
ride (1.7 ml, 21.77 mmol) was then added. The resulting
mixture was stirred at room temperature for 19 hours. Water
was added to quench the reaction. The organic phase was
separated and the aqueous phase was extracted with dichlo-
romethane (2x30 mL). The combined organic solution was
washed with brine, dried over Na,SO,, concentrated to afford
yellow oil as the product (7). 'H-NMR (CDCL,): 8 6.86-6.83
(m, 1 H), 6.74-6.72 (m, 2 H), 4.37 (t,]=6.9-7.2 Hz, 2 H), 4.14
(t, J=5.1-5.4 Hz, 2 H), 3.85 (t, J=5.1 Hz, 2 H), 3.83 (s, 3 H),
3.73-3.69 (m, 2 H), 3.67-3.59 (m, 12 H), 3.55-3.52 (m, 2 H),
3.36 (s, 3 H), 2.98 (t, J=6.9-7.2 Hz, 2 H), 2.85 (s, 3 H).
LC-MS: 481.4 (MO, 503.4 (MNa*).

Synthesis of mPEG;-homovanillyl methylamine (11)

H;CO OMs
CH;NH,
A’ Ow\ ey
~0 TBAR
7
H;CO %
3 \

/Q O\A?o

A mixture of the above mPEG-homovanillyl mesylate (7)
(13.32 mmol), potassium carbonate (9.8678 g, 70.68 mmol)
and tetrabutylammonium bromide (530 mg, 1.63 mmol) in 33
mL of methylamine solution (2.0 M in THF, 66 mmol) was
stirred for 73.5 hours at room temperature. Water was added
to quench the reaction and the mixture was concentrated to
remove the organic solvents under reduced pressure. The
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aqueous solution was extracted with DCM (3x40 mL). The
combined organic solution was washed with brine, dried over
sodium sulfate, concentrated. The residue was purified by
flash column chromatography on silica gel using MeOH/
DCM (0-10%) and TEA/MeOH/DCM (1/1/9) to afford an oil
as the product (11). '"H-NMR (CDCL,): 8 6.84-6.81 (m, 1 H),
6.72-6.69 (m, 2 H), 4.14 (t, J=4.8-5.4 Hz, 2 H), 3.84 (1, J=5.4
Hz, 2 H), 3.82 (s, 3 H), 3.72-3.70 (m, 2 H), 3.66-3.59 (m, 12
H), 3.55-3.51 (m, 2 H), 3.36 (s, 3 H), 2.85-2.73 (m, 4 H), 2.44
(s, 3 H). LC-MS: 416.4 (MH™"), 438.4 (MNa").

Synthesis of mPEG,-homovanillyl methylamine (13)

H;CO OMs
CH;NH,
_—
/QO\A\ K,COs3,
~o0 TBAB
9
H;CO. %
3 ~
/Q Ow
7O
13

Methylamine (2.0 M solution in THF, 26 ml, 52 mmol) was
added to a stirred mixture of crude mPEG,-homovanillyl
mesylate (9) (12.14 mmol) (previously prepared in a manner
similar to compound (7) with the exception that mPEG.,-Bris
used in place of mPEGs-Br), potassium carbonate (8.616 g,
61.72 mmol) and tetrabutylammonium bromide (400 mg,
1.23 mmol) were added. After stirring for 24 hours, THF (15
ml) and more of methylamine solution (2.0 M solution in
THEF, 5.5 mL, 18 mmol) were added. The reaction mixture
was stirred at room temperature for 49 hours, water was added
and the mixture was concentrated to remove the organic sol-
vents under reduced pressure. The aqueous solution was
extracted with DCM (3x60 mL.). The combined organic solu-
tion was washed with brine (2x100 mL), dried over sodium
sulfate, concentrated. The residue was purified by flash col-
umn chromatography on silica gel using MeOH/DCM
(0-10%) and TEA/MeOH/DCM (0.5/1/9) to aftord an oil as
the product. "H-NMR (CDCl,): & 6.84-6.82 (m, 1 H), 6.72-
6.70 (m, 2 H), 4.14 (t,J=5.1-5.4 Hz, 2 H), 3.84 (t, J=5.4 Hz,
2 H), 3.82 (s, 3 H), 3.73-3.69 (m, 2 H), 3.66-3.61 (m, 20 H),
3.55-3.51 (m, 2 H), 3.36 (s, 3 H), 2.89-2.75 (m, 4 H), 2.46 (s,
3 H).

Synthesis of 2-(3,4-dimethoxy)-5-hydroxy-2-isopro-
pyl-pentanenitrile (16)

A solution of butyllithium (1.6 M solution in hexanes, 2.5
ml, 4.0 mmol) was added via syringe to a solution of diiso-
propylamine (0.53 mL, 3.75 mmol) in anhydrous THF (18
ml) at -78° C. After five minutes, a solution of 2-(3,4-
dimethoxyphenyl)-2-isopropylacetonitrile (15) (273 mg,
1.25 mmol) (previously prepared by reacting 2-iodopropane
with 2-(3,4-dimethoxyphenyl)-acetonitrile (14) in a solution
diisopropylamine to which butyllithium was added) in THF
(3 mL) was added via syringe. The mixture was stirred at = 78°
C. for ten minutes and then 3-brom-1-propanol (246 mg, 1.70
mmol) was added. The mixture was stirred for 21 hours.
During this period, the temperature was changed from -78°
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C. to room temperature. Saturated NH,Cl solution (5 mL)
was added to quench the reaction and extracted with ether
(3x20 mL). After washing with brine and drying with sodium
sulfate, the solvent was removed under reduced pressure and
the residue was purified by flash column chromatography on
Si0, using EtOAc/hexanes (0-30%) to afford the product (16)
(111.7 mg) in 34% yield. "H-NMR (CDCl,): 3 6.90-6.86 (m,
1H), 6.81-6.79 (m, 1 H), 3.84 (s, 3 H), 3.83 (5,3 H), 3.53 (m,
2 H),2.24-2.17 (m, 1 H), 2.08-1.99 (m, 1 H), 1.92-1.82 (m, 1
H), 1.60-1.50 (m, 1 H), 1.25-1.87 (m, 1 H), 1.14 (d, J=6.9 Hz,
3 H), 0.75 (d, J=6.6 Hz, 3 H). LC-MS: 278.1 (MH"), 295.1
(M+H,0)*, 300.2 (MNa*).

A second run, following a similar procedure, was per-
formed. Briefly, a solution of butyllithium (1.6 M solution in
hexanes, 8.0 mL, 12.80 mmol) was added via syringe to a
solution of diisopropylamine (1.8 mL, 12.73 mmol) in anhy-
drous THF (8 mL) at —78° C. After five minutes, a solution of
(15)
(1.145 g, 5.22 mmol) (previously prepared by reacting 2-io-
dopropane with 2-(3,4-dimethoxyphenyl)-acetonitrile (14) in
a solution diisopropylamine to which butyllithium was
added) in THF (5 mlL) was added via syringe and then fol-
lowed by an addition of 3-brom-1-propanol (0.45 mL, 4.99
mmol). The resulting solution was stirred at -78° C. for four
hours, at room temperature for 23.5 hours. Saturated NH,Cl1
solution (10 mL) was added to quench the reaction and
extracted with ether (3x50 mL). After washing with brine,
drying with sodium sulfate, the solvent was removed under

2-(3,4-dimethoxyphenyl)-2-isopropylacetonitrile

reduced pressure and the residue was purified by flash column
chromatography on SiO, using EtOAc/hexanes (0-50%) to
afford the product (16) (1.2239 g) in 85% yield.

Synthesis of 2-(3,4-dimethoxyphenyl)-2-isopropyl-5-
oxopentanenitrile (17)

DMSO (0.07 mL, 0.987 mmol) in dichloromethane (3 mL.)
was added to a solution of oxalyl chloride (2.0 M solution in
dichloromethane, 0.3 mL, 0.6 mmol) in dichloromethane (5
ml) at =78° C. The solution was stirred at —=78° C. for 3
minutes and 2-(3,4-dimethoxy)-5-hydroxy-2-isopropyl-pen-
tanenitrile (16) (110 mg, 0.397 mmol) in dichloromethane
(3.5 mL) was added. The mixture was stirred at -78° C. for
ten minutes and triethylamine (0.5 ml) was added. The
resulting reaction mixture was stirred at -78° C. for three
hours, and then the dry ice-acetone bath was removed, the
mixture was warmed up to room temperature. The reaction
mixture was stirred at room temperature for 2.5 hours. Satu-
rated sodium chloride solution (5 mL) was added to quench
the reaction. The organic solution was separated and the
aqueous solution was extracted with dichloromethane (3x20
mL). The combined organic solution was washed with brine
(60 mL), dried over sodium sulfate, concentrated to afford the
crude product (109 mg), which was used in the next reaction
without further purification. Based on the results of HPLC,
the purity of the product was over 96%. 'H-NMR (CDCl,): &
9.68 (s, 1 H), 6.92-6.80 (m, 3 H), 3.874 (s, 3 H), 3.869 (s, 3 H),
2.67-2.55 (m, 1 H), 2.48-2.39 (m, 1 H), 2.23-2.03 (m, 3 H),
1.16 (d, J=6.9 Hz, 3 H), 0.79 (d, I=6.6 Hz, 3 H). LC-MS:
276.2 (MH"Y), 293.2 (M+H,0)", 298.2 (MNa™).

A second run, following the same procedure, was followed,

using the alcohol (16) (1.2239 g, 4.413 mmol), DMSO (1.0
ml, 14.10 mmol), oxalyl chloride (2.0 M solution in dichlo-
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romethane, 7.0 mL, 14.0 mmol), triethylamine (4 mL) and
dichloromethane (28 mL.). The crude product was 1.537 g.

Synthesis of 2-cyano-2-(3,4-dimethoxyphenyl)-2-
isopropylethyl-1,3-dioxolane (19)

CN
I
H;CO o
D ———
BuLi/i-Pr,NH
0
H;CO
18
H;CO o)
CN
o)
H;CO
19

A solution of butyllithium (1.6 M solution in hexanes, 7.0
ml, 11.2 mmol) was added via syringe to a solution of diiso-
propylamine (1.5 mL, 10.61 mmol) in anhydrous THF (25
ml) at —=78° C. And then a solution of 2-(3,4-dimethoxyphe-
nyl)-4-(1,3)-dioxolan-2-yl-butyronitrile (18) (709 mg, 2.56
mmol) (previously prepared by reacting 2-(2-bromoethyl)-1,
3-dioxolane with 2-(3,4-dimethoxyphenyl)-acetonitrile (14)
in a solution diisopropylamine to which butyllithium was
added) in THF (10 mL) was added via syringe. The mixture
was stirred at = 78° C. for five minutes and then 2-iodopropane
(0.4 mL, 3.96 mmol) was added. The mixture was stirred at
-78° C. for five hours and then at room temperature for 17.5
hours. Saturated NH,CI solution (10 mL) was added to
quench the reaction. Ethyl ether (60 mL.) was added and the
etheral solution was isolated. The aqueous solution was
extracted with ether (2x20 mL). After washing with brine,
drying with sodium sulfate, the solvent was removed under
reduced pressure and the residue was purified by flash column
chromatography on SiO, using EtOAc/hexanes (0-30%) to
afford the product (19) (397 mg) in 49% yield. *"H-NMR
(CDCl,): § 6.86-6.82 (m, 3 H), 4.80 (t, J=4.2-4.8 Hz, 1 H),
3.95-3.77 (m, 4 H), 3.878 (s, 3 H), 3.867 (s, 3 H), 2.24 (dt,
J=3.9-4.2Hz,J=12.9-13.2 Hz, 1 H), 2.11-2.02 (m, 1 H), 1.91
(dt,1=3.9Hz,J=12.6 Hz, 1 H), 1.72 (tt, ]=3.9-4.2 Hz, ]=12.6-
13.2 Hz, 1 H), 1.37-1.24 (m, 1 H), 1.16 (d, J=6.6 Hz, 3 H),
0.80 (d, J=6.9 Hz, 3 H). LC-MS: 342.083 (MNa*).

Synthesis of 2-(3,4-dimethoxyphenyl)-2-isopropyl-5-
oxopentanenitrile (17)

H;CO (o) Oxalic Acid
—_—
(0]
H5CO

19
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-continued

H3CO H
CN

H;CO
17

Oxalic acid dehydrate (504.6 mg, 3.96 mmol) was added to
a solution of the acetal (19) (372 mg, 1.16 mmol) in acetone
(10 mL) and water (10 mL). The resulting mixture was stirred
at 80° C. for four hours. The reaction mixture was cooled to
room temperature. Potassium carbonate (1.3 g) was added to
quench the reaction. The mixture was extracted with ethyl
ether (3x20 mL). The organic solution was washed with
brine, dried over sodium sulfate, concentrated to afford the
crude product (17) (293 mg), which was used in the next step
without further purification. The product was confirmed by
H-NMR spectra.

Synthesis of O-mPEG;-verapamil (20)

H;CO

CHO +
CN
H;CO
17
g Na(OAc);BH
H;CO .
DCM, 1t
AN
o)
10

H;CO N OCH;
CN
o)
H;CO 0 p
20

Sodium triacetoxyborohydride (178.6 mg, 0.801 mmol)
was added to a stirred solution of 2-(3,4-dimethoxyphenyl)-
2-isopropyl-5-oxo-pentanenitrile (17) (106 mg, 0.385 mmol)
and mPEG;-homovanillyl methylamine (10) (134 mg, 0.409
mmol) in dichloromethane (6 mL) at room temperature. The
resulting reaction mixture was stirred at room temperature for
three hours. Water was added to quench the reaction. The
organic solution was separated and the aqueous solution was
extracted with dichloromethane (2x20 mL). The combined
organic solution was washed with brine, dried over sodium
sulfate, concentrated. The residue was purified by flash col-
umn chromatography on SiO, using EtOAC/hexanes
(0-100%) and MeOH/Et;N/EtOAc (1/1/9) to afford the prod-
uct (134 mg, 59% yield), with 2-(3,4-dimethoxy)-5-hydroxy-
2-isopropyl-pentanenitrile (16) (27 mg, 26% yield). 'H-NMR
of (20) (CDCl,): d 6.88-6.77 (m, 4 H), 6.64-6.60 (m, 2 H),
4.10(t,J=4.8-5.4 Hz, 2 H),3.84-3.79 (m, 11 H), 3.70-3.67 (m,
2 H), 3.64-3.59 (m, 4 H), 3.51-3.48 (m, 2 H), 3.33 (s, 3 H),
2.63-2.80 (m, 2 H), 2.49-2.42 (m, 2 H), 2.38-2.23 (m, 2 H),
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2.13 (s, 3 H), 2.10-1.97 (m, 2 H), 1.79 (dt, ]=4.2 Hz, J=12.3
Hz, 2 H), 1.57-1.45 (m, 1 H), 1.50-1.05 (m, 1 H), 1.14 (d,
J=6.6 Hz, 3 1), 0.74 (d, J=6.6 Hz, 3 H). LC-MS: 357.4 (MH).

Synthesis of O-mPEG;-verapamil (21)

H;CO
CHO +
CN
H;CO
17
k Na(OAc);BH
H;CO ~. R
i-PrNEt,
Ao
o
11
H;CO N OCH;
CN
o)
H;CO 0 >
21

A mixture of mPEG;-homovanillyl methylamine (11) (123
mg, 0.447 mmol) and 2-(3,4-dimethoxyphenyl)-2-isopropyl-
5-oxo-pentanenitrile (17) (210 mg, 0.505 mmol) was stirred
for ten minutes and then i-Pr,NEt (0.02 mL.) was added. After
ten minutes at room temperature, sodium triacetoxyborohy-
dride (138 mg, 0.619 mmol) was added. After 25 minutes,
more of Na(OAc);BH (90 mg, 0.403 mmol) was added. The
resulting reaction mixture was stirred at room temperature for
5.5 hours. Water was added to quench the reaction. The
organic solution was separated and the aqueous solution was
extracted with dichloromethane (2x20 mL). The combined
organic solution was washed with brine (60 mL), dried over
sodium sulfate, concentrated. The residue was purified by
flash column chromatography on SiO, using EtOAC/hexanes
(30-100%) and Et;N/EtOAc (40) to afford the product (125
mg, 42% yield). "H-NMR (CDCL,): 8 6.84-6.79 (m, 4 H),
6.66-6.62 (m, 2 H), 4.12 (t, J=4.8-5.1 Hz, 2 H), 3.86-3.81 (m,
11H),3.72-3.68 (m, 2 H), 3.66-3.59 (m, 12 H), 3.55-3.51 (m,
2 H), 3.35 (s, 3 H), 2.65-2.61 (m, 2 H), 2.49-2.44 (m, 2 H),
2.37-2.29 (m,2H),2.15(s,3H), 2.13-1.99 (m, 2 H), 1.81 (dt,
J=4.2Hz,J-=12.3 Hz, 2H), 1.54 (m, 1 H), 1.16 (d, J=6.6 Hz,
3 H), 1.12 (m, 1 H), 0.77 (d, J=6.6 Hz, 3 H). LC-MS: 675.5
(MO, 697.5 (MNa™).

Synthesis of O-mPEG-verapamil (22)

H;CO
CHO +
CN

H;CO
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H
Na(OAc);BH
,CO N Na(©AosBH
i-Pr,NEt,
DCM, 1t

/€ O\A\
s O
12
H3CO N OCH;3
CN
O
H3CO O p
22

A mixture of mPEG-homovanillyl methylamine (12) (306
mg, 0.67 mmol) and 2-(3,4-dimethoxyphenyl)-2-isopropyl-
5-oxo-pentanenitrile (17) (170 mg, 0.62 mmol) was stirred
for 5 minutes and then i-Pr,NEt (0.03 mL, 0.17 mmol) was
added. After five minutes at room temperature, sodium triac-
etoxyborohydride (296 mg, 1.33 mmol) was added. The
resulting reaction mixture was stirred at room temperature for
23 hours. Water was added to quench the reaction. The
organic solution was separated and the aqueous solution was
extracted with dichloromethane (2x30 mL). The combined
organic solution was washed with brine (60 mL), dried over
sodium sulfate, concentrated. The residue was purified by
flash column chromatography on SiO, to afford the product
(195 mg, 44% yield). "H-NMR (CDCl,): 8 6.82-6.77 (m, 4
H), 6.65-6.60 (m, 2 H), 4.10 (t, J=5.1-5.4 Hz, 2 H), 3.84-3.79
(m, 11 H),3.70-3.66 (m, 2 H), 3.64-3.57 (m, 16 H), 3.53-3.49
(m,2H),3.33 (5,3 H),2.65-2.61 (m, 2 H), 2.51-2.46 (m, 2 H),
2.39-2.29 (m,2 H),2.16 (5,3 H), 2.13-1.98 (m, 2 H), 1.82 (dt,
J=4.2Hz,J=12.3Hz,2 H), 1.54-1.48 (m, 1 H), 1.14 (d, J=6.6
Hz, 3 H), 1.11 (m, 1 H), 0.75 (d, J=6.6 Hz, 3 H). LC-MS:
719.5 (MO, 741.5 (MNa*).

Synthesis of O-mPEG,-verapamil (23)

1,0
cHo  +
N
;0
17
I NaoAosBH
,CO N DB
i-Pr,NE,
/eo\/ﬁ\ DCM, 1t
~0
13
H,CO N 0CH;
CN
o
;0 0 7
23

i-Pr,NEt (0.03 mL) was added to a stirred mixture of
mPEG,-homovanillyl methylamine (13) (290 mg, 0.576
mmol) and 2-(3,4-dimethoxyphenyl)-2-isopropyl-5-oxo-
pentanenitrile (17) (167 mg, 0.607 mmol). After five min at
room temperature, sodium triacetoxyborohydride (260 mg,
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1.104 mmol) was added. The resulting reaction mixture was
stirred at room temperature for 5.5 hours. Water was added to
quench the reaction. The organic solution was separated and
the aqueous solution was extracted with dichloromethane
(2x20 mL). The combined organic solution was washed with
brine, dried over sodium sulfate, concentrated. The residue
was purified by flash column chromatography on SiO, using
EtOAC/hexanes (30-100%) and Et;N/MeOH/EtOAc (0.5/1/
25) to afford the product (302 mg, 69% yield). '"H-NMR
(CDCl,): 8 6.83-6.79 (m, 4 H), 6.67-6.62 (m, 2 H), 4.12 (t,
J=5.1-5.4 Hz, 2 H), 3.86-3.81 (m, 11 H), 3.72-3.68 (m, 2 H),
3.66-3.59 (m, 20 H), 3.55-3.51 (m, 2 H), 3.35 (s, 3 H), 2.65-
2.60 (m, 2 H), 2.49-2.44 (m, 2 H), 2.36-2.01 (m, 2 H), 2.15 (s,
3 H),2.13-2.01 (m, 2 H), 1.81 (dt, J=4.2 Hz,J=12.3 Hz, 2 H),
1.53 (m, 1 H), 1.16 (d, J=6.6 Hz, 3 H), 1.12 (m, 1 H), 0.77 (d,
J=6.6 Hz, 3 H). LC-MS: 763.5.5 (MO, 785.5 (MNa*).

Example 5

Synthesis of PEG-Verapamil—“Approach B”

PEG-Verapamil was prepared using a second approach.
Schematically, the approach followed for this example is
shown below (compound numbers in bold in the schematic
correspond to the compound numbers provided in the text of
this Example 5 alone).

Synthesis of PEG-Verapamil—“Approach B”

Schematic
H;CO
CN WPEG,—Br
—_—
K,CO3,
HO Acetone
24
I
H;CO oN
—_—
X,O w BuL.i/i-Pr,NH
~0 THF
25
n=3-11
10" N Np,
H;C0 o BuLi/i-Pr,NH
THF
A/ O\A\
n O
26
n=3-11
DMSO
H,CO O
Oxalyl
CN Chloride
X’ O\/$\
n O
27
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H;CO H
CN
/QOW (@]
0
28
n=3-11
H
H;CO N Na(OAc;BH
i-Pr;NEt, DCM, 1t
H;CO
29
HgCO:@I/\/N\/\(:[OCHs
CN
0
,Q \/i\o OCH;
30
n=3-11

In carrying out this synthesis, the following materials were
used. Homovanillyl alcohol, Aldrich, 99%, Cat. No. 148830-
10G, Batch No. 19516EO; potassium carbonate, Aldrich,
99%; triethylamine, Aldrich, 99.5%, Cat. No. 471283-500
ml, Batch No. 04623HD; methanesulfonyl chloride, Aldrich,
99.5%, Cat. No. 471259-500 mL, Batch No. 13209KC; 3,4-
dimethoxyphenylacetonitrile, Aldrich, Cat. No. 126349-
100G, Batch No. 0801 IBD; 2-iodopropane, Aldrich, 99%,
Cat. No. 148938-100G, Batch #, 03604DD; diisopropy-
lamine, redistilled, Aldrich, 99.95%, Cat. No. 386464-100
ml, Batch #00944TD; butyllithium, 1.6 M solution in hex-

anes, Aldrich, Cat. No. 186171-100 mL, Batch #20709PD;
3-bromo-1-propanol, Aldrich, 97%, Cat. No. 167169-25G,
Batch No. 0901DE; dichloromethane, Aldrich, Cat. No.
270997-2L, Batch #: 00434KD; sodium triacetoxyborohy-
dride, Aldrich, 95%, Cat. No. 316393-25G, Batch No.
07920LD; N, N-diisopropylethylamine, Aldrich, Cat. No.
387649-100 mL, Batch No. 06448PC; N-methylhomovera-
trylamine, Aldrich, Cat. No. 334774, Batch No. 10421EO.
Synthesis of 4-mPEG;-3-methoxyphenylacetonitrile
(25)
H;CO
? N mPEG;—Br
—_—
K>CO;,
HO Acetone
24
H,;CO oN
O
/é \/i\o
25

A mixture of 4-hydroxy-3-methoxyphenylacetonitrile (24)
(503 mg, 3.05 mmol) and mPEG;-Br (830 mg, 3.65 mmol,
1.2 eq) in the presence of potassium carbonate (2.35 g, 16.83
mmol) in acetone (15 ml) was heated to reflux for 17 hours.
The mixture was cooled to room temperature, filtered and
washed with acetone and DCM. The solution was concen-
trated. The residue was purified by column chromatography
on silica gel using MeOH/DCM (0-2%) to aftord pure prod-
uct (25) (738 mg) and a mixture of the product and mPEG;-Br
(277 mg). No attempt was made to further purify the mixture.

A second run, following a similar procedure, was per-
formed. A mixture of 4-hydroxy-3-methoxyphenylacetoni-
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trile (24) (1.81 g, 10.98 mmol) and mPEG;-Br (2.505 g, 11.03
mmol, 1.005 eq) in the presence of potassium carbonate
(6.693 g, 47.94 mmol) in acetone (35 mL) was heated to
reflux for 20.5 hours. The mixture was cooled to room tem-
perature, filtered and washed with acetone. The solution was
concentrated. The residue was purified by column chroma-
tography on silica gel using EtOAc/hexanes (0-50%) to
afford pure product (25) (2.826 g, 83%). Note: Based on the
results of HPL.C and TLC, a small amount of the starting
nitrile material (24) was observed. No mPEG,-Br was iso-
lated and observed in the NMR spectra. 'H-NMR (CDCl,): &
6.92-6.89 (m, 1 H), 6.82-6.79 (m, 2 H), 4.16 (t, =5.1-5.7 Hz,
2 H), 3.88-3.85 (m, 5 H), 3.74-3.70 (m, 2 H), 3.67-3.62 (m, 6
H), 3.54-3.51 (m, 2 H), 3.36 (s, 3 H). LC-MS: 310.2 (MH™).

Synthesis of 2-(3-methoxy-4-mPEG;-phenyl)-3-
methylbutyronitrile (26)

>7I
CN

H;CO
—_—
o Bul.i/i-Pr,NH
/9 \/93\0 THF
25
H;CO oN
/é O\/*
3 O
26

Butyllithium solution (1.6 M in hexanes, 5 mL, 8.0 mmol)
was added to a stirred solution of i-Pr,NH (1.13 m[, 7.99
mmol) in anhydrous THF (10 mL) at -78° C. After five
minutes, 4-mPEG;-3-methoxyphenylacetonitrile (25) (2.450
g, 7.92 mmol) in THF (20 ml) was added, followed by an
addition of 2-iodopropane (0.8 mL, 7.92 mmol). The result-
ing mixture was stirred at —78° C. for five hours. The dry-
acetone bath was removed. The reaction mixture was warmed
up to room temperature and stirred at room temperature for 16
hours. Saturated NH,Cl solution was added to quench the
reaction. The solution was extracted with ethyl ether (3x20
mL). The combined organic solution was washed with brine,
dried over sodium sulfate, concentrated. The residue was
separated by column chromatography on silica gel using
EtOAc/hexane (0-50%) to afford the product (26) (1.7656 g,
74%), along with 0.3629 g of starting material. "H-NMR
(CDCl,): § 6.88-6.85 (m, 1 H), 6.79-6.76 (m, 2 H), 4.15 (t,
J=4.8-5.4 Hz, 2 H), 3.87-3.84 (m, 5 H), 3.73-3.70 (m, 2 H),
3.66-3.61 (m, 4 H), 3.55-3.50 (m, 3 H), 3.35 (s, 3 H), 2.12-
1.77 (m, 1 H), 1.01 (d, J=6.6 Hz, 6 H). LC-MS: 352.3 (MH™).

Synthesis of 3-hydroxy-2-(3-methoxy-4-mPEG;-
phenyl)-2-isopropyl-1-pentanenitrile (27)

no”” NN p,
BuLi/i-Pr,NH
H,CO o 5
THF
k Ow
3 0
2
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OH

CN
27

Butyllithium (1.6 M solution in hexanes, 8.0 mL, 12.80
mmol) was added to a solution of diisopropylamine (1.8 mL,,
12.73 mmol) in THF (6 mL) at —=78° C. Then, a solution of
2-(3-methoxy-4-mPEG;-phenyl)-3-methylbutyronitrile (26)
(1.76 g, 5.01 mmol) in THF (9 mL) was added. The resulting
mixture was stirred for ten minutes and 3-bromo-1-propanol
(0.55 mL, 6.10 mmol) was added. The resulting mixture was
stirred at —=78° C. for three hours and then at room temperature
for three hours. Saturated NH,Cl (10 mL) was added to
quench the reaction. The mixture was extracted with ethyl
ether (4x40 mL). The combined organic solution was washed
with brine (100 mL), dried over sodium sulfate, concentrated.
The residue was purified by flash column chromatography on
silica gel using EtOAc/hexanes (30%, 50% and 100%) to
afford 1.73 g of the product (27) in 84% yield. "H-NMR
(CDCl,): 8 6.87-6.85 (m, 3 H), 4.17 (t, J=4.8-5.4 Hz, 2 H),
3.89-3.85 (m, 5 H), 3.74-3.71 (m, 2 H), 3.67-3.62 (m, 4 H),
3.61-3.57 (m, 2H), 3.54-3.51 (m, 2 H), 3.36 (s, 3 H), 2.24-
2.14 (m, 1 H), 2.10-2.03 (m, 1 H), 1.95-1.85 (m, 1 H), 1.64-
1.55 (m, 1 H), 1.26-1.16 (m, 1 H), 1.17 (d, J=6.6 Hz, 2 H),
0.78 (d, J=6.6 Hz, 6 H). LC-MS: 410.3 (MO, 432.3 (MNa™).

Synthesis of 2-(3-methoxy-4-mPEG,-phenyl)-2-
isopropyl-5-oxo-pentanenitrile (28)

DMSO
—_—
Oxalyl
Chloride

OH

Oxalyl chloride (2.0 m solution in dichloromethane, 5.4
ml, 10.80 mmol) was added to dichloromethane (6 mL) at
-78° C. Then a solution of DMSO (4.0 mL, 11.28 mmol) in
DCM (4 mL) was added. After about five minutes, a solution
of'the alcohol (27) (1.415 g,3.46 mmol) in DCM (10 mL) was
added. After 15 minutes at —=78° C., triethylamine (3.5 mL)
was added. The resulting mixture was stirred for 16.5 hours.
During the period, the temperature was allowed to reach room
temperature. The bath was removed, and the mixture was
stirred at room temperature for another hour. Saturated
ammonium chloride was added to quench the reaction,
extracted with ethyl ether (3x60 mL). The combined organic
solution was washed with brine (2x100 mL), dried over
sodium sulfate, concentrated to afford the crude product (28),
which was used in the next step without further purification.
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'H-NMR (CDCl,): § 9.65 (s, 1 H), 6.89-6.80 (m, 3 1), 4.16
(. J=5.1 Hz, 2 ), 3.89-3.86 (t, J=5.1 Hz, 2 ), 3.85 (s, 3 H),
3.74-3.71 (m, 2 H), 3.68-3.60 (m, 4 H), 3.55-3.52 (m, 2 H),
3.36 (s, 3 H), 2.66-2.54 (m, 1 H), 2.48-2.38 (m, 1 H), 2.21-
2.03 (m, 3 H), 1.41 (m, 1 H), 1.2/(d, J=6.6 Hz, 2 H), 0.79 (d,
J=6.6 Hz, 6 H). LC-MS: 408.3 (MO, 430.3 (MNa™).

Synthesis of O-mPEG;-verapmil (30)

,CO H o,
CN
/é Ow\ 0
~o
28
H
H;CO N MNa(OAc;BH
i-Pr,NEt, DCM, 1t
H;CO
29
H,CO N OCHj
CN
NN
~0 OCHj4
30

i-Pr,NEt (0.02 mL, 0.11 mmol) was added to a stirred
solution of 2-(3-methoxy-4-mPEG;-phenyl)-2-isopropyl-5-
oxo-pentanenitrile (28) (145 mg, 0.36 mmol) and N-methyl-
homoveratrylamine (29) (119 mg, 0.59 mmol) in dichlo-
romethane (6 mL). Sodium triacetoxyborohydride (182 mg,
0.82 mmol) was added. The mixture was stirred at room
temperature for six hours. Water was added to quench the
reaction. The organic solution was separated and the aqueous
solution was extracted with dichloromethane (4x15 mL). The
combined organic solution was washed with brine, dried over
sodium sulfate, concentrated. The residue was purified by
flash column chromatography on SiO, using EtOAC/hexanes
(30-100%) and MeOH/Et,N/EtOAc (2/1/20) to afford the
product (30) (171 mg, 76% yield). The purity was >94%
based on HPLC. The product was purified again with prepara-
tive TLC and flash column chromatography on silica gel
using MeOH/DCM (0-5%) to afford 130 mg of the final
product. 'H-NMR (CDCl,): § 6.85-6.84 (m, 3H), 6.78-6.75
(m, 1 H), 6.69-6.67 (m, 2 H), 4.10 (t, J=4.8-5.4 Hz, 2 H),
3.87-3.83 (m, 11 H), 3.74-3.71 (m, 2 H), 3.68-3.62 (m, 4 H),
3.55-3.52 (m, 2 H), 3.36 (s, 3 H), 2.67-2.62 (m, 2 H), 2.51-
2.45(m,2H),2.36-2.27 (m, 2 H),2.15 (s, 3 H), 2.12-2.00 (m,
2H),1.85-1.75 (m, 1 H), 1.49 (m, 1 H), 1.24 (m, 1 H), 1.16 (d,
J=6.6Hz,3 H),0.76 (d,J=6.6 Hz, 3H). LC-MS: 587.4 (MH™").

Example 6
Synthesis of PEG-Verapamil—“Approach C”

PEG-Verapamil was prepared using a third approach.
Schematically, the approach followed for this example is
shown below (compound numbers in bold in the schematic
correspond to the compound numbers provided in the text of
this Example 5 alone).

Synthesis of PEG-Verapamil—“Approach C”
Schematic

PEG-Verapamil was prepared using a third approach.
Schematically, the approach followed for this example is
shown below (unless otherwise stated, compound numbers in
bold in the schematic correspond to the compound numbers
provided in the text of this Example 6 alone).
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H;CO +
CN
/% Ow ©
3 O
28
(from Example 5)

60

Na(OAc);BH

H;CO

/é O\/i\o

i-Pr,NEt, DCM, 1t

10
(from Example 4)

cho:QI/\/ OCH;
CN
P e e N \/\©: N Ve e N

Synthesis of O,0'-di-mPEG;-verapamil (31) 20

i-Pr,NEt (0.02 mL, 0.11 mmol) was added to a stirred
solution of 2-(3-methoxy-4-mPEG;-phenyl)-2-isopropyl-5-
oxo-pentanenitrile (28) (176 mg, 0.43 mmol) (prepared in
accordance with the procedure provided in Example 5 and the
mPEG; methylamine 10 (148 mg, 0.45 mmol) (prepared in
accordance with the procedure provided in Example 4 in
dichloromethane (6 ml). Sodium triacetoxyborohydride
(225 mg, 1.01 mmol) was added. The mixture was stirred at
room temperature for six hours. Water was added to quench

the reaction. The organic solution was separated and the 3°

aqueous solution was extracted with dichloromethane (4x15
mL). The combined organic solution was washed with brine,
dried over sodium sulfate, concentrated. The residue was
purified by flash column chromatography on SiO, using

EtOAC/hexanes (30-100%) and MeOH/EtOAc (0-10%) and 35

TEA/MeOH/EtOAc (1/2/25) to afford 244 mg of the product

25

H), 3.67-3.61 (m, 8 H), 3.55-3.52 (m, 4 H),
.66-2.61 (m, 2 H), 2.50-2.45 (m, 2 H), 2.33-
m 14 (s, 3H), 2.05-2.00 (m, 2H) 1.85-1.75 (m,
1.49 (m, 1 H), 1.22'(m, 1 H), 1.15 (d, 1=6.6 Hz, 3 ),
d, J=6.6 Hz, 3 H). LC-MS: 719.5 (MH"*), 741.5 (MNa*).

Example 7

Synthesis of PEG-Verapamil—“Approach D”

PEG-Verapamil was prepared using a fourth approach.
Schematically, the approach followed for this example is
shown below (compound numbers in bold in the schematic
correspond to the compound numbers provided in the text of
this Example 7 alone).

31 in 79% yield. 'H-NMR (CDCL,): § 6.85-6.79 (m, 4 H), Synthesis of PEG-Verapamil—“Approach D”
6.67-6.62 (m, 2 H), 4.17-4.11 (m, 4 H), 3.88-3.81 (m, 10 H), Schematic
O
\)k O\)J\
\(\ J< \(\O/\%/ \)j\ \60/\%1/ OH
O
8:n=7
4n-7 KOBu', BuOH 6:n=7 NaOH 9:n=9
5:n=9 Toluene, 45° C. T:n=9 mPEG,-CM
H;CO N OCH; LAH, THF
—_—
N Reflux
H;CO OCH;
H;CO N OCH; mPEG,-CM
_—
DCC, DMAP
NH,
H;CO OCH;
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-continued

H;CO

NH
H;CO

Synthesis of mPEG,-CM (8)

mPEG,-OH (4) (3.86 g, 11.34 mmol) was dissolved in
toluene (125 mL), and then about 80 mL of toluene was
removed under reduced pressure. t-Butanol (5 mL) was
added. The mixture was heated at 45° C., then 15 mL (0.15
mmol) of 1 M potassium t-butoxide solution in 2-methyl-
propanol was added. After about ten minutes at 45° C., t-butyl
bromoacetate (2.5 mL, 16.58 mmol) was added. The resulting
mixture was stirred at 45° C. for 22.5 hours, cooled to room
temperature, and concentrated to remove the solvent. The
residue was dissolved in water (50 mL), extracted with
dichloromethane (3x50 mL). The combined organic solution
was washed with brine (60 mL), dried over Na,SO,, concen-
trated. The residue was purified by column chromatography
on silica gel using 0-10% of methanol in dichloromethane to
afford 4.8852 g of mPEG, t-butyl ester (6). 'H-NMR
(CDCl,): 8 4.00 (s, 2 H), 3.74-3.52 (m, 28 H), 3.36 (s, 3 H),
1.45 (s, 9 H).

The ester was dissolved in di H,O (80 mL), and 1 N NaOH
was added to adjust the PH to 12. The mixture was stirred at
room temperature for one day, and then 1 N HCI was added to
adjust the PH to 1.8. The mixture was extracted with dichlo-
romethane (3x50 mL). The combined organic solution was
washed with brine (60 mL), dried over sodium sulfate, con-
centrated to afford 3.5 g of the product mPEG,-CM (8). The
total yield was 77%. "H-NMR (CDCl,): 6 4 15 (s, 2 H),
3.76-3.52 (m, 28 H), 3.36 (s, 3 H).

Synthesis of mPEG,-CM (9)

mPEG,-OH (5) (4.02 g, 9.38 mmol) was dissolved in tolu-
ene (250ml), and then about 150 mL of toluene was removed
under reduced pressure. t-Butanol (4 mL) was added. The
mixture was heated at 45° C., and then 14 mL (0.14 mmol) of
1 M potassium t-butoxide solution in 2-methyl-propanol was
added. After about ten minutes at45° C., t-butyl bromoacetate
(2.2 mL, 14.59 mmol) was added. The resulting mixture was
stirred at 45° C. for 20 hours, cooled to room temperature, and
concentrated to remove the solvent. The residue was dis-
solved in water (50 mL), extracted with dichloromethane
(3x40 mL). The combined organic solution was washed with
brine (60 mL), dried over Na,SO,, concentrated. The residue
was purified twice by column chromatography on silica gel
using 0-10% of methanol in dichloromethane to afford 1.843
g of mPEG, t-butyl ester (7) in 36% yield. 'H-NMR (CDCL,):
83.99 (s, 2H) 3.70-3.51 (m, 36 H), 3.35 (s, 3 H), 1.45 (5,9

H).

The ester was dissolved in di H,O (60 mL), and 1 N NaOH
was added to adjust the PH to 12. The mixture was stirred at
room temperature for 19 hours, and then 1 N HCI was added
to adjust the PH to 1.3. The mixture was extracted with
dichloromethane (3x30 mL). The combined organic solution
was washed with brine (50 mL), dried over sodium sulfate,
concentrated to afford 1.455 g of the product mPEG.-CM (9)
in 88% yield. "H-NMR (CDCl,): 8 4.15 (s, 2 H), 3 76-3.52
(m, 36 H), 3.36 (s, 3 H).
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Synthesis of verapamil-NH, (2)

Lithium aluminum hydride (1.0 M THF solution) (55 mL,,
55 mmol) was added dropwise to a stirred suspension of
(x)-verapamil (1) hydrochloride (5.91 g, 11.91 mmol) in dry
THF (400 mL) at room temperature. After the addition, the
mixture was heated to reflux for 42.5 hours. The mixture was
cooled to 0° C., Na,SO,.10H,0O was added slowly to quench
the reaction. The mixture was stirred at room temperature for
one day, filtered to remove the solid and the solid was washed
with DCM and ethyl acetate. The combined organic solutions
were concentrated. The resulting residue was dissolved in
DCM (200 mL), washed with 5% aqueous NaHCO; (100
mL), water (50 mL) and brine (100 mL), dried over sodium
sulfate, concentrated. The residue was dried under high
vacuum to afford 5.633 g of crude product (2), which was
analyzed by "H-NMR and HPLC. The majority (66%) is the
product based on the HPLC analysis of the crude product.

Synthesis of mPEG;-NH-verapamil [(3), n=3]

Verapamil-NH, (2) (136 mg, 0.296 mmol), mPEG,-
OCH,COOH (66 mg, 0.297 mmol) and DMAP (28 mg, 0.229
mmol) were dissolved in DCM (5 mL) at room temperature.
Then, 1 M DCM solution of DCC (0.6 mL, 0.6 mmol) was
added. The reaction mixture was stirred at room temperature
for 18 hours. The mixture was filtered and washed with DCM.
The organic solution was concentrated. The residue was sepa-
rated by preparative TL.C using 10% MeOH in DCM to afford
73.9 mg of the desired mPEG;-NH-verapamil [(3), n=3].
'H NMR(CDCI ): 8 6.76- 666(m 6 H), 6.56 (br, 1 H), 3.88
(s, 2 H), 3.82-3.80 (m, 12H), 3.57-3.46 (m, 12 H), 3.33 (s, 3
H), 2.70-2.65 (m, 2 H), 2.56-2.51 (m, 2 H), 2.40-2.35 (t,
J=6.9-7.2 Hz,3 H), 2.22 (5,3 H), 1.95-1.78 (m, 1 H), 1.71 (t,
J=7.8-8.1Hz,2H)1.43-1.30 (m, 2 H), 0.77 (t, 6 H). MS 663 .4
(MH™).

Synthesis of mPEG,-NH-verapamil [(3), n=7]

Verapamil-NH, (2) (280 mg, 0.611 mmol), mPEG,-
OCH,COOH (302 mg, 0.758 mmol) and DMAP (105 mg,
0.859 mmol) were dissolved in DCM (8 mL.) at room tem-
perature. Then, 1 M DCM solution of DCC (1.25 mL,, 1.25
mmol) was added and the reaction mixture was stirred at
room temperature for 24 hours. The mixture was filtered and
washed with DCM. The organic solution was concentrated.
The residue was separated by preparative TLC and column
chromatography on silica gel using 0-10% MeOH in DCM to
afford 225.7 mg of the desired mPEG,-NH-verapamil [(3),
n=7] in 44% yield. 'H-NMR (CDCl,): 6 6.81-6.67 (m, 6 H),
6.56 (br, 1 H), 3.89 (s, 2 H), 3.83-3.81 (m, 12 H), 3.62-3.46
(m, 28 H), 3.34 (s, 3 H), 2.70-2.65 (m, 2 H), 2.56-2.51 (m, 2
H), 2.39-2.35 (m, 2 H), 2.23 (s, 3 H), 1.93-1.84 (m, 1 H), 1.72
(t, J=7.5Hz,2 H) 1.38 (m, 2 H), 0.78 (t, J=6.6 Hz, 6 H). MS
839.5 (MH*), 861.5 (MNa™).

Synthesis of mPEG,-NH-verapamil [(3), n=9]

Verapamil-NH, (2) (280 mg, 0.611 mmol), mPEG,-
OCH,COOH (466 mg, 0.958 mmol) and DMAP (107 mg,
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0.876 mmol) were dissolved in DCM (8 mL) at room tem-
perature. Then, 1 M DCM solution of DCC (1.3 mL, 1.3
mmol) was added and the reaction mixture was stirred at
room temperature for 66 h. The mixture was filtered and
washed with DCM. The organic solution was concentrated.
The residue was separated by column chromatography on
silica gel using 10% MeOH in DCM, and purified again with
preparative TLC with 10% MeOH/CH,CI, to afford the
mPEG,-NH-VERAPAMIL product. The product was dis-
solved in DCM (50 mL), washed with 5% aq. sodium bicar-
bonate (40 mL), brine (50 mL), dried over anhydrous sodium
sulfate, concentrated to afford 319 mg of mPEG,-NH-vera-
pamil [(3),n1=9] in 56% yield. 'H-NMR (CDCl,): 8 6.82-6.69
(m, 6 H), 6.58 (br, 1 H), 3.90 (s, 2 H), 3.85-3.83 (m, 12 H),
3.63-3.48 (m,36 H),3.36 (s,3 H), 2.69 (m, 2H), 2.57 (m, 2 H),
2.39 (m, 2 H), 2.26 (s, 3 H), 1.93-1.86 (m, 1 H), 1.73 (t,
J=6.9-7.8 Hz, 2H) 1.40 (m, 2 H), 0.80 (t, J=6.6 Hz, 6 H). MS
928.3 (MO.

Example 8
Calcium Channel Binding Assay

A binding assay was performed similar to that set forth in
Example 3, except that *[H]-diltiazem is used as the compet-
ing radioligand. The results are shown below (mPEG,-O-
Verapamil was run separately wherein the diltiazem control
had an 1C5,=3.21x10-7).

TABLE 1

Results from Binding Assay Experiment 1

Drug IC50 (M)
Diltiazem 3.45x 10-8
Verapamil 2.98 x 10-8
Verapamil-amine 1.37 x 10-6
[compound (2) from Example 7]
mPEG;-NH-Verapamil 2.99 x 10-6

[compound (3) from Example 7]

TABLE 2

Results from Binding Assay No. 2

Drug ICs0 (M)
Diltiazem 2.89 x 10-8
Verapamil 2.98 x 10-8
mPEG;-O-Verapamil 541 % 10-7
[compound (20) from Example 4]

mPEG;-O-Verapamil 8.52 x 10-7
[compound (21) from Example 4]

mPEG4O-Verapamil 3.49 x 10-7*
[compound (22) from Example 4]

mPEG,-O-Verapamil 1.13 x 10-6

[compound (23) from Example 4]

Example 9

Synthesis of PEG-Amlodipine—*“stable PEG
linkage”

PEG-Amlodopine was prepared in accordance with the
schematic provided below (wherein the linkage between the
PEG and the amlodipine is substantially stable, i.e., substan-
tially non-hydrolyzable), using methods, reagents and inter-
mediates known to those of ordinary skill in the art. In the
schematic, n=3, 5, 7, and so on.
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mPEG,-O-mesylate
_—

MeOH, DCM

H,CO OCH,CH;,

Example 10

Synthesis of PEC-Amlodipine—‘hydrolyzable PEG
linkage”

PEG-Amlodopine was prepared in accordance with the
schematic provided below (wherein the linkage between the
PEG and the amlodipine is substantially stable), using meth-
ods, reagents and intermediates known to those of ordinary
skill in the art. In the schematic, n=3, 5, 7, and so on.

mPEG,-O-chloroformate
OCH,CH;

DCM
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-continued

H;CO

What is claimed is:

1. A compound having the structure:

R300C

wherein:
R is hydrogen or lower alkyl;

R' is selected from the group consisting of hydrogen, sub-
stituted lower alkyl, unsubstituted lower alkyl and
—YOYNRCR’, where each Y is independently lower
alkylene and R® and R” are each independently selected
from group consisting of hydrogen, unsubstituted lower
alkyl, substituted lower alkyl, cycloalkyl, aryl and alky-

laryl;

each Y is independently lower alkylene;

R? and R* are independently selected from the group con-
sisting of hydrogen, unsubstituted lower alkyl, substi-
tuted lower alkyl, and —YNROR’, where Y is lower
alkylene and R® and R” are each independently selected
from group consisting of hydrogen, unsubstituted lower
alkyl, substituted lower alkyl, cycloalkyl, aryl and alky-
laryl;

R® is independently selected from group consisting of
hydrogen, unsubstituted lower alkyl, substituted lower
alkyl, chloro, fluoro and nitro;

5

66

R is selected from group consisting of hydrogen, unsub-

stituted lower alkyl, substituted lower alkyl, cycloalkyl,
aryl and alkylaryl;

X is a spacer moiety; and
POLY is a water-soluble oligomer wherein the number of

monomers has a number between 2 and 30.

2. The compound of claim 1, wherein the water-soluble,
non-peptidic oligomer is a poly(alkylene oxide).
3. The compound of claim 2, wherein the poly(alkylene

10 oxide) is a poly(ethylene oxide).
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4. The compound of claim 2, wherein the poly(alkylene
oxide) includes an alkoxy or hydroxy end-capping moiety.
5. The compound of claim 1, having the structure:

(CH,CH,0),CH,

wherein n is an integer of from 2 to 10.
6. The compound of claim 1, having the structure:

(CH,CH,0),—CHs,

wherein n is an integer of from 2 to 10.

#* #* #* #* #*



